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THE HETEROPHILE ANTIGEN OF PNEUMOCOCCUS 


Br WALTHER F. GOEBEL, THEODORE SHEDLOVSKY, GEORGE 
I. LAVIK, AND MARK H. ADAMS 

{From the Hospital of The Hockefellcr Jnslilute for Medical Research, New York) 

(Received for publication, October 23, 1942) 

The Forssman antigens may be defined as substances which have the 
common property of evoking sheep cell hemoh'sins when injected into 
rabbits. These antigens are widely distributed in nature. They are found 
in many forms of living matter, in the tissues of certain mammals, birds, 
and fish, in yeasts, and in bacteria of both the Gram-positive and Gram- 
negative group. The literature concerning the biological significance and 
distribution of Forssman and other heterophile antigens has been ably 
reviewed by Buchbinder (1); we shall therefore not attempt to present 
a r&timfi of the knowledge concerning these .substances. The original 
view that the heterophile antigens of er\'throcv’tes and of mammalian tissue 
were lipoidal in nature (2) was later modified, largely through the work of 
Landsteiner and Levene (3) and Brunius (4) who regarded the heterophile 
antigen of horse kidne}- as a comple.v consisting of a lipocarbohydrate in 
loose chemical combination with a protein. The entire complex is an- 
tigenic and its peculiar biological specificity is determined by the hapten 
Qipocarbohydrate) portion of the molecule. Whether heterophile antigens 
found in other mammalian tissue are of a similar nature cannot be stated 
with certainty. 

The chemical nature of the heterophile antigens derived from micro- 
organisms is fortunately better understood. Some years ago it was shown 
by Boivin and his collaborators (5) and by the English school of inv'esti- 
gators (6) that antigenic lipocarbohydrates could be e.vtracted from micro- 
orgaiusms of the Gram-negative group. Later work by Morgan and Par- 
tridge (7) showed that in some instances such lipocarbohydrates ev'oked 
the fonnation of heterophile antibodies when injected into rabbits. Unlike 
the heterophile antigen of horse kidney, the purified lipocarbohj'drates 
derived from Shigella dysenleriae (Shiga) and from Eberthdla iyphosa need 
not be combined noth protein in order to function antigenically. 

In a series of investigations on the chemical nature and immunological 
properties of the heterophile antigen of pneumococcus, Bailey and Shorb 
(8) found the antigen, as it occurs in the intact cell, to be thermostable; 
the substance was destroyed, however, on boiling the microorganisms with 
acid or alkali. Digestion of pneumococci with proteclj-tic enzjuaes like- 
mse caused destruction of the antigen, although the natural autol3'tic en- 

1 



2 


HETEHOrUlLK ANTIGEN OF PNEUMOCOCCUS 


zymes did not. The successive extraction of pneumococci with organic 
solvents impairs the property of the organism.s to stimulate sheep cell 
hemolysins in rabbits, ns does solution of pneumococci in bile. These 
investigators likewise found that the nuclcoprotcin fraction of the cell was 
capable of evoking heterophile antibodies in rabbits, and obser\’ed that the 
somatic or C polj'sacchnridc of pneumococcus precipitated the heterophile 
antibodies from antipneumococcnl rabbit .senim. Baile}’ and Shorb con- 
clude that “the complex responsible for the heterophile property of the 
organisms is veiy resistant to chemical manipulation with acid, alkali, 
alcohol and ether, and is either identical or closely bound to the so-called 
‘nuclcoprotcin’ fraction of the cell and its associated somatic carbohydrate.” 

In the following account it will be shown that the heterophile antigen 
of pneumococcus, hereafter designated as the F poh'.saccharide, is in reality 
a lipocarbohydratc intimately related to the C or cellular polysaccharide; 
it is firmly bound to the detritus of autolyzed pneumococci but can be 
separated b}’ appropriate means. The heterophile antigen has been iso- 
lated as a water-soluble amorphous powder cssentiallj' free from protein 
and nucleic acid. It migi'ates electrophorctically as a homogeneous entity 
and is fully antigenic in rabbits, giving rise to antibodies which cause the 
lysis of sheep erythrocytes. It contains a carbohydrate moiety bound in 
firm chemical union to a fatty acid of high molecular weight. The lipid, 
which comprises some 6 per cent by weight, can be split off only by rigorous 
chemical treatment. The carbohydrate moiety is believed to be identical 
with the C polysaccharide (9) on the basis of the following chemical evi- 
dence and on the basis of considerable immunological data to be reported in 
a subsequent communication. The close analytical correlation between 
the two substances, and the percentage of reducing sugars, nitrogen, amino 
nitrogen, phosphorus, and amino sugars all support this eoncept. In 
addition, both the C and F carbohj'^drates liberate reducing sugars, inor- 
ganic phosphorus, and hexosamine amino nitrogen at about the same rate 
on acid hydrolj’-sis. The high nitrogen content (6 per cent) of the two 
pol 3 rsaccharides cannot be accounted for on the basis of the hexosamine 
liberated on acid hydrotysis (20 per cent); j’^et neither carbohj'drate con- 
tains protein, purine nucleotides, nucleic acid, or polj'peptides. This 
discrepancy may perhaps be accounted for by the fact that the hexosamine 
chain is singularlj’' resistant to acid hydrolysis. This view is in part sup- 
ported by the fact that nearlj' all of the nitrogen present in the carbohj’’- 
drate is liberated on acid hj'^drolysis as amino nitrogen without production 
of the corresponding amount of hexosamine. It is also possible that both 
carbohydrates may contain an unidentified nitrogenous constituent, per- 
haps a pj'rimidine; both show absorption in the ultraviolet and a small 
percentage of the total nitrogen cannot be accounted for as free hexosamine 
nitrogen. 
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In addition to hexosamine, both carbohydrates contain a second un- 
identified saccharide which can be detected by the Molisch reaction only 
after acid hydrolysis. This unidentified saccharide is neither ribose, deso.vy- 
ribose, nor uronic acid, as determined by colorimetric tests. The or- 
ganicall}' bound phosphorus of the two carboh 3 '^drates is in firm chemical 
union, as on acid hj'drolysis phosphorus is liberated very slowly (Table 
V). 

The following is an account of the isolation and chemical properties of 
the heterophile antigen or F polysaccharide and its relationship to the 
somatic or C polj’saccharide of pneumococcus. From the data presented 
in the e.vperimental procedure it can be seen that both substances represent 
a unique class of carbohj’^drates, the nature of which can be elucidated onlj'- 
when more material is available. The serological and immunological prop- 
erties of the pneumococcus heterophile antigen will be described elsewhere. 

EXPERIMENTAL 

Antisera and Method of Determining Heterophile (F) Units — Heterophile 
antisera were obtained from rabbits immunized bj’' the intravenous injec- 
tion of a heat-kUled culture of a rough variant of pneumococcus Tj'pe I. 
The rabbits were given six dailj' doses of bacteria totaling 60 cc. of origi- 
nal culture. After a period of 1 week, the course of immunization was 
repeated, 4 days after the last injection the animals were bled and the 
number of hemolytic units per cc. of serum determined. Sera containing 
from 200 to 4O0 hemolj'tic units per cc. were frequentlj^ encountered and 
used for subsequent work. Potent heterophile antisera usually contain 
considerable amounts of C precipitins as well. 

During the preparation of the heterophile antigen from pneumococcus 
autolysates it was necessary to determine quantitative!}' the amount of 
active material or heterophile units present in a given fraction. This was 
done bj' means of the so called “hemolysis inhibition test” (10). Serial 
dilutions of the fraction to be tested were made in isotonic salt solution. 
0.5 cc. portions of the latter were added to 2 units of the test serum con- 
tained in 0.5 cc. of saline and the mixture incubated for 30 minutes. 2 
units of fresh guinea pig complement in 0.5 cc. of saline and 1 drop of 50 
per cent sheep cells were now added. The tubes were again incubated and 
at the end of 30 minutes centrifuged. The last tube in which no hemolj’sis 
appeared, as indicated bj' the absence of free hemoglobin, was taken as the 
end-point. Tliis tube contained, by arbitrarj' definition, 1 unit of hetero- 
phile substance. The total number of units in the original solution can in 
this manner be determined with fair precision, and the procedure makes it 
possible to follow the purification and fractionation of the heterophile sub- 
stance in the material studied. 

Separation of F and C Polysaccharides — ^The bacteria from 10 hour cul- 
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hires of a rough variant of Type I pncuinoeocciis grown in meat infusion 
broth containing 2 per cent peptone and 0.5 per rent glucose were collected 
under sterile conditions in a Sharpies centrifuge. 50 liters of bacterial 
culture were handled at one time. The microorganism.s were suspended 
in 1 liter of 0.05 m sodium acetate and allowed to autolyr-c for 72 hours in 
the presence of a .small amount of toluene. A stained preparation of the 
bacterial cells showed no formed elements, only bacterial detritus. The 
latter was precipitated, together with some nurlcoprotein and nucleic acid, 
bj’^ adjusting the pH of the autolysate to 4.5. After centrifugation, the 
clear supernatant (containing the cellular, or C polysaccharide) was sep- 
arated from the bulky precipitate containing the F antigen. The latter 
was thoroughh' washed, three times as a rule, su.spension in 0.05 .m 
acetate buffer at pH 4.5 followed by centrifugation. In this manner the 
precipitate can be wa.shed completely free from the C poly.saccharidc as 
determined by serological test. 

The detritus, containing the F antigen, and the suj)crnatant liquid, con- 
taining the cellular, or C, polj'saccharide from 500 liters of bacterial cul- 
ture, were collected before subsequent purification was undertaken. 

Pnnficaiion of C Polysaccharide — The j'cllow solution containing the C 
polysaccharide was concentrated to 300 cc. in vacuo and 3 volumes of alco- 
hol were added. After 48 hours the crude C polysaccharide was separated 
b}-- centrifugation, dissolved in water, and dialyzed 1 week in cellophane 
sacs against successive changes of distilled water. Much inert material, 
including salts, pigment, and some nucleic acid, pns.sed through the mem- 
brane. The material remaining in the dialyzing .sacs is nearly colorless, 
and contains all of the C pol 3 '.saccharidc and a small amount of in.soluble 
matter. The latter is separated by centrifugation and the clear super- 
natant liquid is deproteinized by shaking with chloroform and octyl alco- 
hol. The solution containing the C carbohydrate is concentrated in vacuo 
to 50 cc. 10 cc. of 10 per cent CuS04 are added and the pH of the solution 
adjusted to 5.10. After the solution has stood overnight, small amounts 
of the copper salt of nucleic acid and copper proteinatc are separated b}" 
centrifugation at 25,000 r.p.m. for 20 minutes. The solution is adjusted to 
pH 2.0, dialyzed to remove most of the copper, and finally electrodialyzed. 
The clear pale yellow solution is concentrated to 30 cc. in vacuo and slowly 
added to 1 liter of acetone. The precipitated polj'saccharide is collected 
and dried. 5.5 to 6.0 gm. are obtained from the autolj'zed bacteria derived 
from 500 liters of cultui’e. Several preparations have been made according 
to the above procedure and the C carbohj'drate fractions show similar 
analytical values. 

Purificaiion of F Polysaccharide~The detritus collected from 500 liters 
of bacterial culture was suspended in 3 liters of 0.05 M phosphate buffer 
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at pH 8.0 and 0.5 gm. of commercial to’psin was added. The mixture was 
incubated at 37° for 5 or 6 days with toluene as preser\'ative. Much of the 
solid material passes into solution, and the digest takes on the appearance 
of diluted milk. The solution is concentrated in vacuo to 500 cc. and dia- 
lyzed at 0° for 1 week in cellophane membranes. The digestion with tryp- 
sin and subsequent dialysis result in no loss of F substance as determined 
by the hemolj'sis inhibition test, although fully 80 per cent by weight of the 
original detritus has been converted to an inactive dialyzable material. 

If at this juncture a portion of the contents of the dialj’sis sac is dried, 
it is apparent that the material is fatty in nature. The substance is also 
rich in F polj'saccharide and contains about 10 units per mg. UTien a 
solution of this milky suspension was ultracentrifuged at 25,000 r.p.m. for 
10 minutes, the clear supernatant liquid was found to contain only 10 per 
cent of the total number of F units. The remaining 90 per cent of F sub- 
stance was firmly bound to the particulate and sedimented matter. The 
F carbohydrate cannot at this juncture be extracted either with water or 
with organic solvents, such as diethylene glycol, ethyl or methjd alcohol, 
glacial acetic acid, benzene, petroleum ether, chloroform, or ether. The 
active material can be partially extracted with aqueous pyridine but such 
solutions contain considerable quantities of nucleic acid and nucleoprotem. 
The F polysaccharide can be readily dissociated from the detritus, however, 
after extraction with alcohol-ether or with acetone. In this manner the 
free lipid, some 50 per cent bj' weight of the detritus, goes into solution, 
but the heterophile antigen remains associated with the insoluble material. 
If the latter be now suspended in distilled water, the heterophile antigen 
readily dissolves, together wth some nucleoprotein and nucleic acid. The 
insoluble material can be separated by centrifugation, leaving the hetero- 
phiie antigen in solution. 

As a result of the above observation, the bulk of the material from the 
trj'ptic digest was treated as follows: The milky .suspension was concen- 
trated to 200 cc. in vacuo and the mixture poured into 4 liters of acetone. 
-After shaking for 24 hours, the solid matter was separated by centrifuga- 
tion, resuspended in 200 cc. of water, and again extracted with 4 liters- of 
acetone. Tie solid material was finally boiled for 1 hour in a liter of al- 
cohol-ether (3:1) and filtered in a sintered glass funnel. This defatted 
detritus, weighing 5 gm., and containing about 20 units of F carbohydrate 
per mg., was suspended in 200 cc. of water and a little toluene added. The 
tube was shaken for 24 hours, and then centrifuged for 20 minutes at 25,000 
n.p.M. The pale yellow, slightly opalescent supernatant liquid was saved, 
and the extraction repeated. The combined aqueous extract.s were con- 
centrated to 50 cc. and treated with CuSO, at pH 5.10. Nucleic acid and 
protein were precipitated as the copper salts and separated by centrifuga- 
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tion. Tlie supcnuatant liquid containing tlic F polysaccharide was clcc- 
trodialyzed and the carbohydrate isolated exactly ns in the case of the C 
polj'saccharidc. The detritus from SOO liters of bacterial ctdture yields 
about 500 to 700 mg. of the active heterophile lipoenrbohydrate. 

Propcrlics of C and F Polysaccharides — The C poly.sacchnride originally 
isolated in these laboratories (9) was derived from a rough variant of Type 
II pneumococcus. The .substance was found to be a nitrogenous dextro- 
rotatory’^ carbohydrate and was designated as the species specific polysac- 
charide, since it appeared to be common to all the pneumococcal types. 
Our observations were later confirmed by Ileidelbergcr and Kendall (11) 
who obtained the cellular polysaccharide from Types I, III, and IV pneu- 
mococci. In addition the.se investigators showed that the carbohydrate 
contained some 4 per cent of organically bound phosphorus. We have 
now isolated the species specific polysaccharide from a rough variant of 
Tj’pe I pneumococcus and found it to be cs.«entialh’ identical with the C 


Tabi.k I 

Analytical Constants of C and F Polysaccharides 


Polv- ' 
saccha- 
ride 

I Ash 

(“b i 

c 

1 

I " ! 

1 1 

N 

.MI. 

r 

1 

Acetyl 1 

1 

1 

Glucos- 

amine 

i 

Reducing 
sugars 
calculated 
as gluco<e 


per cent 

rfeprm ' 

' per cent \per certt | 

[per cent 1 

per cent 

'per cent 1 

per cent | 

1 per cent 

per cent 

c 

0.79 

-1-61.3 

44,01 

1 6.81 ) 

5.91 1 

1.14 

1 4.47 

13. os 

\ 21.8 

50.6 

F 

1 

0.61 

-1-6S.9 

45.12 

1 7.11 

5.61 ' 

1 

0.99 

1 

13.15 1 

21.6 

42.8 


carbohydrate obtained previously from cultures of Type II R pneumococ- 
cus. 

The F polj'saccharide obtained from autolysates of pneumococcus Type 
I has many properties in common with the C polj'saccharidc. Neither 
carbohydrate is precipitated by the salts of heavy metals such as Ag"**! 
Cu++, Hg*^***, Ba'*'+, but both are precijiitated by phosphotungstic and 
tannic acids. Neither carbohydrate is dialyzable or gives a biuret test 
or a test for ribose, desoxyribose, or purines (murexide). Both carbohy- 
drates are free of aromatic amino acids and nucleic acid as determined by 
spectroscopic analysis. Both carbohydrates precipitate in C antiserum 
in dilutions of 1:2 million and the specific precipitability’' of each is de- 
stroyed by the action of nitrous acid. Furthermore, the carbohy*drates 
show analy’tical values (Table I) which are surprisingly^ alike. 

Despite these similarities there are certain points of difference which 
distinguish the C and F poly’saccharides. Solutions of the F carbohy'drate 
foam on shaking but those of the C substance do not. Vdien boiled with 
mineral acid or when treated with nitrous aeid, the F substance deposits a 



GOEBEL, SHEDLOVSKY, LAVIN', AND ADAMS 7 

fat-like precipitate which can be extracted with chloroform; solutions of 
the C substance remain clear. Moreoever, as will be shown below, the two 
carbohj'drates can be readilj' distinguished from one another by electro- 
phoresis. The most striking difference e.xhibited b}' these two substances 
is the following: in hemolj'sis inhibition tests the F substance inhibits the 
lysis of sheep cells in quantities as small as 2 7, whereas 1000 times this 
amount of C substance is necessarj'- to cause hemoi3'sis inliibition (Table 
II). And finallj', it can be seen from Table I that the F substance has a 
slightlj’ higher carbon content and vdelds slightlj' less reducing sugars on 
hj'drolj’sis than does the C substance. Because of the close relationship 
between the C and F carbohj'drates and for reasons given below, we regard 
the heterophile antigen as a lipocarbohj'drate constituted from a polj'- 
saccharide moietj' identical with that of the C polj'saccharide to which a 
lipid is bound in firm chemical union. The remarkable stabilitj' of the 

Table II 

Inhibition of Hemolysins in Pneumococcal Heterophile Antiserum 
0 = complete hemolysis inhibition; ++++ = complete lysis, or no hemolysis 
inhibition. 


Polysac- 

charide 

OHution of substance tested 

tested 

I&3 

! 1 : lOM b ■.Z(XW ’ 1 : 4000 1 1 ; 6000 1 

t:16.000 

1:32.000 

!:M.000 j 1:123,000 i 1:250.000] 1:512.000 

c 


+ -f-± 1 -f± i -1-1- 


-f-b-f 

1 i 

-f -f -f ± -f-t-f-f -f -b-f-b -b-f -f -f 

F 

0 

0 

0 

0 

0 

0 i 

0 

0 1 0 : 0 • ± 


lipid-carbohj'drate union has made it impossible to dissociate the lipid 
from the carbohydrate moietj' in such a waj' as to leave the latter intact. 

Electrophoresis — The manj' similarities between the C and F polj'sac- 
charides add special interest to ascertaining points of difference. Accord- 
ingly, electrophoretic studies were carried out with the aid of theTiselius 
apparatus. The technique has been described elsewhere in detail (12). 
E.xperiments with the F and C polj'saccharides were carried out over a 
range of pH values at a constant ionic strength of 0.03, with the mono- 
valent lithium buffers, acetate, cacodj’late, and diethj'lbarbiturate. 

It was found that purified preparations of the F and C substances ap- 
pear as single electrophoretic components. Fig. I shows tj-pical electro- 
phoretic patterns of both rising and descending boundaries obtained with 
thes(^ polj'saccharides. In the case illustrated, the pH of the solutions 
was 7.85, and the time of electrolj’sis was 134 minutes for the F .substance 
and 90 minutes for the C substance. The migrations were anodic and the 
corresponding mobilities were 1.7 X IQ-^ and 2.2 X 10-® cm. per sec. per 
r olt per cm. for the F and C carbohj'drates respectivelj'. The arrows in 
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the figure indicate the original positions of tlie boiitularies before the flow 
of current was started. The boundaries marked c and 5, which remain 
practicallj^ immobile with the bufi'ers used, do not correspond to any sepa- 
rate components but are due to concentration changes, the nature of which 
is known (13). However, the relatively large magnitude of these bounda- 
ries in the ease of C polysaccharide, suggested the possibility of an immo- 
bile component, being present. 3'his, however, was ruled out by recovering 



! 



Fig. 1. Eloctropliorotic pnltcrns of F nnd C polysncclmridcs 



Fig. 2. Mobiiity-pH curves of F nnd C polysncclmridcs 

from the cell portions of solution associated with the unmobile as well as 
with the mobile “peaks,” and finding the C carbohydrate in the latter 
but not in the former fraction. 

In addition to exhibiting a decided difference in mobility, it will be noted 
that the pattern for C carbohydrate shows a marked asymmetry in the 
descending boundary, and considerably more boundary spreading than 
does the pattern for F polysaccharide. It is therefore evident that the two 
materials can be readil}’’ distinguished from each other by electrophoresis. 

In Fig. 2 is shown a comparison of mobility curves as a function of pH 
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for the F and C polysaccharides. Although experiments at only two values 
of pH were made on G polj'’saccharide, the indications are that the curves 
appear to run parallel, at least for a considerable range. 

Ullrainolel Absorption Spectra — In order to ascertain whether the C and 
F polysaccharides are contaminated with small quantities of protein or 
nucleic acid, solutions of the two substances were examined spectroscopi- 
calljL The curves (Fig. 3) were obtained with the aid of a Spekker spectro- 
photometer and a small Hilger quartz spectrograph with a tungsten steel 
spark as the light source. It can be seen that the absorption maximum of 
the C polysaccharide is at approximately 2675 A. and that of the F poly- 
saccharide is at 2625 A. Both minima are at about 2525 A. 



Fio. 3. Ultraviolet absorption curves of F and C polysaccharides 

Since no tests can be obtained for ribose, desoxjTibose, or purines, it is 
believed that the absorption curves shown in Fig. 3 are not due to con- 
taminating nucleic acid or nucleotides. 

The nature of the constituents present in both the C and F polj’^sac- 
charides which give rise to the absorption is at present not known. It 
can be pointed out, however, that the polysaccharides obtained from the 
enzjTuatic degradation of globoglycoid and seroglycoid (14) contain un- 
known constituents which give absorption curves similar to those obtained 
from fractions of the C and F polysaccharides from pneumococci. 

Hydrolysis of C and F Polysaccharides. Reducing Sugars — Samples of 
C and F polysaccharides (4 mg. per cc.) were dissolved in 1 n HCl and hy- 
drolyzed in sealed tubes for varjdng time intervals. The samples were 
removed, neutralized, and analyzed for reducing sugars by the Hanes 
modification of the Hagedom-Jensen method (15). During the hydroh'sis 



10 


HKTEUOrnn-K. antigen of FNEr.MOCOCCrs 


the tubes containing (lie C' polysncclmride tiarkenerl hut remained clear. 
The tube containing the F carbohydrate became cloud}’ and after 10 min- 
utes a precipitate appeared and persisted throughout the hydrolysis. The 
percentage of reducing sugai’s at vnr3'ing time intervals is given in Table 
III. Here it can bo seen that the C carliohydrale yields rouglily S jior cent 
more reducing sugars than docs the F polysaccharide. 'J'he carbohydrates 
arc rapidly and completel}' hydrolyzed in 5 hours. I’rolonged hydroly.sis 
or hydrolysis with stronger acids (up to 0 .\) failed to ean.se an increase 

TAnu; III 

Rcilucincj Sugars Liberated from C and F Ptdi/snrcbaridrs on Arid Hydrolysis 


'rime 

! Rfilucinp suftnrs 

folculatcfl Klucocimme) 


[ C ix>Iys.ncchafiflc 

V prtlyviccharidc 

min. 1 

per cent 

per cent 

30 

12.2 

31.0 

60 ' 

47.1 

■ 36.5 

120 

' .lO.O 

.39.8 

240 

' 50.0 

42.1 

360 

1 50.0 

' 42.8 


Tatu.i; IV 

Libe ration of Amino I\ itrogen from C and F Polysaccharides on Acid Hydrolysis 


Time 

; Amino niiro^icn 


C iioly5acch.iriiIc 

F polysaccharide 

mifi 

1 

pfr cent 

per cent 

0 1 

l.OS 

' 1.00 

30 

2.09 

2.23 

60 

.3.31 

2.92 

120 

3.77 

3.54 

330 

4.28 

3.78 

1080 

1 

4.28 

4.22 


eithei in the reducing sugars, glucosamine, or amino nitrogen A’alues re- 
corded in Tables III and IV. 

Amino Nitrogen Both the C and F carbohydrates contain free amino 
gioups, 1 nitrogen atom out of eveiy 6 or G being in the free amino form. 
The increase in amino nitrogen was followed during acid hydrolysis by the 
an SI} ke method (16); the data in Table IV show that a steady increase 
occurs until approximately three-fourths of the total nitrogen is in the free 
liberation of amino nitrogen from the C pol}’saccharide 
after 2 hours occurs at a faster rate than from the F substance. The reason 
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for this is not known, nor is it understood why all of the nitrogen does not 
appear as amino nitrogen if the carbohydrate is a pol 3 "glucosamine deriva- 
tive. 

Acclic 4ctd — Hj'drolj'sis of the C polj'saccharide is accompanied by the 
liberation of a volatile organic acid, identified as acetic acid bj' analj'sis of 
the silver salt. Both the C and F polj'saccharides have been found to con- 
tain some 13 per cent of acetjd. 

It has been shown that the two carbohj'drates jdeld reducing sugare on 
hydrolj'sis. Determinations of the amount of free amino sugars (17) were 
made on the hj'^drolj'sis product from each carbohj'drate and were found to 
be 21.8 per cent and 21.6 per cent (calculated as glucosamine) for the C and 
F polysaccharide respectivelj'. In each instance the percentage of glu- 
cosamine reached a maximum after 30 minutes, or long before the maximum 
of total reducing sugars had been reached. Prolonged boUing or boiling 
the carbohj’drates with stronger acid (6 n) for manj' hours failed to show 
any increase over the above values. Attempts at isolating crystalline 
glucosamine hydrochloride from the hydrolysis products were unsuccessful. 

Amino Acids — ^Neither the C nor F polysaccharides give color tests for 
the usual aromatic amino acids. In order to ascertain whether the carbo- 
hj’drates contained aliphatic a-amino acids in peptide union, samples were 
hydrolyzed for 24 hours at 100° with 6 n HQ. Gasometric determinations 
of carboxj’l groups bj’ the method of Van Slj’ke e( al. (18) showed that no 
free a-araino acids were present in the hj'drolysate. 

Liberation of Phosphoric Acid — Samples of the C and F carbohj’drates 
were dissolved in 1 n HQ so that the concentration was 1.0 mg. per cc. 
Sealed tubes containing 1 cc. were heated at 100° for varying periods of 
time. The samples were removed, neutralized, and the inorganic phos- 
phorus determined bj’ the method of Kuttner and Cohen (19). The re- 
sults, given in Table V, are stated in terms of micrograms of inorganic 
phosphorus per mg. of carbohj’drate and as per cent of total phosphorus 
in the inorganic form. From the data presented it is apparent that in 
both carbohj’drates the liberation of phosphorus takes place verj' slowly 
and at approximately the same rate. 

Further Fraclionaiion of F Carbohydrate — To test the possibilitj' that the 
F polj’saccharide is contaminated bj’ the C carbohj’drate, fractionation of 
the F substance bj’ selective adsorption on activated alumina was under- 
taken. The carbohydrate can be adsorbed at pH values below 7.0 and 
eluted at higher values of pH. 300 mg. of F substance were dissolved in 
150 cc. of acetate buffer at pH 5.6. 300 mg. of alumina (AIiOj) suspended 
in 150 cc. of the same buffer were added; the mixture was stirred for 1 
hour and centrifuged. Titration of the supernatant revealed that 90 per 
cent of the active carbohj’drate had been adsorbed. The alumina was now 
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waslied ’n-ith the same buffer and then FU?pcndcd in 100 cc. of 0.1 X! Ns,- 
HPO*. Tiie miNhire was stirred for 1 hour and then centrifuged. Tne 
precipitate was washed with 50 cc. of buffer, and eluted a second time. 
Both fractions v.-ero dialyzed until free of phosphate and the carbohydrates 
recovered in the usual manner. The first fraction yielded 105 mg. or one- 
third of the original carbohydrate. The second fraction yielded 53 mg. 
or one-sLvth of the total. Both fractions and the origin.al carbohydrates 
were tested for their capacity to inhibit the hemolysis of sheep cells by anti- 
senim. Each fraction showed exactly the .ramc activity on a diy- weight 
basis as did the parent substance. From the results of these c.vperimcnts 
one can conclude that the F polysaccharide is homogeneous by the above 
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3.0 
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5.0 

S.2 
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11. S 

24. S 

15.0 

IS. 9 

39. S 

19.0 

40.0 

26.0 

21.0 

47.0 

21.0 

44.2 

4S.0 

25.0 

56.0 

26.0 

59.0 


criterion. Tins evidence confirms that derived from electrophoretic meas- 
urements indicating that the F polysaccharide is not grosslv contaminated 
^vith the G carbohydrate. 

SiabiUiy of F Carbohydrate to H~ and OH ~ — In order to determine the 
pH stahilit}' range of the F carbohydrate 0.5 mg. samples contained in 10 
cc. of glycine-XaOH and glycine-HCl buffers were heated for SO minutes 
at 100 . Appropriate dilutions of the samples were made and their ability 
to cause hemob"sis inhibition and precipitation in antiserum determined. 
The results are given in Tables YI and YII. 

From the results given in Tables and ITI it is seen that the F carbo- 
hv drate is remarkably stable toward hydrogen and hydroxjd ions, even at 
elev ated temperatures. It is not possible to remove by acid or alkaline 
hydrolysis the grouping responsible for hemolysis inhibition and at the same 
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time to retain the precipitating carbohj'drate moiety intact. We have ako 
found that it is not possible to destroy the immunological activity of the 
carbohydrate by enzj'mes such as phosphatase, papain, pepsin, ti^'^psin, 
chymotrypsin, ribonuclease, or the pneumococcus autotytic ferment (20). 

Isolation of Fatty Acid from F Carbohydrate — 288 mg. of the F carbohy- 
drate were boiled for 2 hours with 30 cc. of 1 N HCl. The solution darkened 

Table VI 

Inhibition of Hemolysins in Pneumococcal Helerophile Antiserum by P Polysaccharide 
after Heating at Various Values of pH 

0 == complete hemolysis inhibition; +-!-++ = complete lysis, or no hemolysis 
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' ++ 
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: 0 

i 0 
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7.00 
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0 

0 

0 
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Table VII 

Precipitation of F Polysaccharide in Pneumococcus R Antiserum after Heating 
at Various Values of pH 


+++ = heavy disk-like precipitate; 0 = no precipitation. 
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Final concentration of F carbohydrate tested 

at pH 1 
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2.80 
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7.00 
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9.54 

1 +± 

++ 
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++ 

11.89 

i ± 

0 

0 
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somewhat and a flocculent precipitate appeared. The mixture was e.x- 
tracted with purified chloroform and then ether. The two extracts were 
dried with sodium sulfate and evaporated in vacuo to drt-ness, gi'dng 18.7 
mg. of pale yellow fatty substance which was soluble in chloroform, ether, 
and petroleum ether. This material, which comprised 6.5 per cent by 
weight of carbohj-drate, partially crj’stallized on standing. It contained 
78.2 per cent carbon and no nitrogen or phosphorus. 
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An alcoholic solution of 18.7 nip;, of the lipid on titration with n/ 70 
NaOH with phenolphthalcin n.s indicator rcciuircd 3,52 cc. for neutraliza- 
tion. The lipid i.s apparently a fatty acid with an acid equivalent of 372. 
It melted j'athcr sharply at. 39—11°. Because of the fact that such small 
quantities of material were available, it was not pos.siblc to characterize 
the fatty acid. The carbon analy.sis and acid equivalent correspond to a 
C 24 acid, but whether the material is a single substance, or a mi.xturc of 
fatty acids, cannot be said. 

Hydrol 3 'sis of 0.3 gm. of C carbohj-dratc.vicldcd onl.v 0.9 mg. of a chloro- 
form-soluble lipid, or 0.3 per cent b}' weight of the parent .substance. It is 
obvious that the C carboh.vdratc contains only negligible quantities of 
bound lipids. In conclusion, it can be said that the isolation of a fatty 
acid from the h}'drolysis products of the F polysaccharide distinguishes this 
substance from its analogue, the C polysacchai'ide. It is probably the 
chemically bound fattj^ acid which endows the F carbohydrate with its 
unusual chemical and immunological proi)orties. 

SUM.MAnV 

1. Methods for the isolation and purification of the C and F pol.vsac- 
charides of pneumococcus are given. 

2. A comparison of the physical and chemical properties of these two 
substances is made. 
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FURTHER EXPERDIENTS ON CREATINE FORIMATION IN 

THE CHICK 

Bt H. J. AUSIQinST, F. H. KRATZER, akd E. MECCHI 

(From the Division of Poultry Busbandry, College of Agriculture, University of 
California, Berkeley) 

{Received for publication, January 11, 1943) 

Th.e purpose of the present report is to place on record experiments con- 
ducted in a continuation of studies on creatine formation in the chick. 
The methods employed were in general the same as those pre4dously de- 
scribed (1), 

Creatinine — ^Two experiments were conducted to determine whether creat- 
inine administered by intramuscular injection would produce the same 
growth response and elevation of muscle creatine found when creatmine 
was given in the diet. Creatinine was injected into the breast muscle of 
chicks maintained on the basal diet (1) in the amount of 1 cc. of a 5 per 
cent solution (50 mg. of creatinine) daily. This was continued for 18 
days in one experiment and 23 days in the second. Composite tissue 
samples were taken for creatine determination. The results are given in 
Table I. 

It is evident that injected creatinine increases both the rate of gain and 
the muscle creatine content to much the same extent as was reported in 
the case of dietary creatinine (1). This fact strengthens the probability 
that the results are truly metabolic and not due to incidental eSects, such 
as a possible conversion of creatinine to creatine bj' action of the intes- 
tinal flora. 

Hydantoic Add — ^Experiments were next conducted to investigate the 
possibility that hydantoic acid might be converted by the chick to glycocy- 
amine through exchange of the oxj-gen of the ureido group for an imino 
group, a process which the chick is apparently able to complete in the 
utilization of citrulline as a substitute for arginine (2). Such conversion 
of hydantoic acid, if appreciable, should lead to similar growth-promoting 
and creatine-elevatmg effects as observed vvith glj'coc3'amiEe (1). The 
diet used was a sjmthetic tj-pe similar to diets described elsewhere (3), 
and contained 25 per cent of washed casein plus 0.5 per cent of arginine 
monohj’drochloride as the sole source of amino acids. At the conclusion 
of the experiment, composite samples were taken of breast muscle, liver, 
and Wdncj' tissue. 

The results given in Table II show quite plainlj' that feeding hydantoic 
acid caused no appreciable difference in anj’ respect from the results ob- 
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tained with the basal group. On the other hand, glycocyamine caused a 
large increase in muscle creatine content and a several fold increase in liver 
creatine content, as well as a distinct acceleration of growth rate. All of 
these effects of glycoc 3 ’amine, although obtained with a different basal 
diet in this case, are in agreement with our pre7'ious report (1). Evidently, 


Tadi-e I 

Effect of Injected Creatinine on Rate of Grotuth and Mnselc Creatine Content of Chicks 


Experiment 

Group No. 1 

j 

Creatinine injection 

Basal gain matle 

Creatine content of 
breast muscle* 


1 j 


Per cent 

m{. fer gm. 

A 

1 * 

No 

i 100 

! 3.64 


2 

Yes I 

179 

4.SS 

B 

1 

No 

100 ' 

4. IS 


2 

Yes 

1 12G 

5.32 


* Corrected for specific creatinine. 


Table II 

Effects of Hydantoic Acid and of Glycocyamine on Rate of Groivlh and Tissue Creatine 

Content of Chicks 


Supplement to basal diet 

Level indict 

Tissue 

Creatine content 
of tissue* I 

Basal gain made 


per cent 


mg.pergm. 

per rent 

None 


Breast muscle 

3.59 

100 



Liver 

0.36 




Kidney 

0.37 


Hydantoic acid 

1.0 

Breast muscle 

1 3. 38 

94 



Liver 

0.3S 




Kidney 

0.37 


Glycocyamine 

1.0 

Breast muscle 

5.15 

130 



Liver 

1.7S 




Kidney 

0.59 



* Creatine plus creatinine calculated as creatine. 


hydantoic acid has no appreciable utility in the processes of creatine forma- 
tion in the chick, as well as in the rat (4). 

Choline and Methionine — It has been found possible, bj' tvithholding glj'- 
cine and arginine from the diet, to demonstrate the role of these amino 
acids in growth and creatine formation in the chick. Since a mcthjd donor 
undoubtedly participates in the final stages of creatine synthesis, experi- 
ments were next conducted in wliich the effects of dietary deficiencies of 
choline and methionine on muscle creatine were studied. 

Chicks were placed at hatching time on a low choline diet (5). The lot 
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of diet used was kno^ra bj^ previous test to cause the development of severe 
perosis from choline deficiency. A similar group of chicks of the same 
hatch was fed the low choline diet plus 0.2 per cent of choline chloride. 
After 3 weeks, choline deficiency as indicated by incipient perosis was 
present in the first group. Composite breast muscle samples from each 
group were analyzed for creatine. The results were 4.9 mg. per gm. for 
the choline-deficient group and 5.1 mg. per gm- for the group on the diet 
containing added choline. The difference in these values cannot be con- 
sidered significant. It is evident, therefore, that a deficiency of choline 
does not appreciably diminish creatine formation in the chick. This may 
have been due to the presence of adequate amounts of metiuonine in the 
basal diet used. 


Tabue 111 

Effects of Choline and Methionine on Growth and Mvscle Creatine Content of Chicks 
Fed Methionine- and Choline-Deficient Diet 


GroupNq. 

Sapplemcnt to bisil diet 

1 

Level in diet ; 

Daily rate of 
^ain I 

[ Creatine content 
of 

breast nxuKle* 

1 

None 

per cent \ 

per cent 

-0.29 

mi. periTK. 

! 4.0 

2 

Choline chloride 

0.5 i 

-fO.45 

1 4.2 

3 j 

d!-Mcthionine 

1.0 1 

1 -h5.25 

1 4.5 

4 

Choline chloride 

; 0.3 

; -fS.lS 

; 4.7 


df-Mcthionine 

1 1-0 

1 

! 

I 


* Creatine plus creatinine calculated as creatine. 


In further experiments, attempts were made to achieve a deficienc 3 ' of 
both choline and methionine. For this purpose a "sj'nthetic” diet con- 
taining arachin and gelatin as the protein sources was emploj'ed. This 
diet has been described essentially elsewhere (6). Chicks were reared for 
the 1st week on a practical diet, then weighed, and closeh' selected for 
uniform weight. Groups of five chicks each were pven the sjmthetic diet 
plus various supplements for a period of 9 days. Composite breast muscle 
samples were taken from each group. 

The results given in Table III shou' that a dietary' methionine and cho- 
line deficiency severe enough to prevent grou'th of the chick was attained. 
The addition of choline to the diet caused a small improvement in rate of 
gain, from —0.29 to -1-0.45 per cent. Addition of methionine resulted in 
a comparatively large growth response which was not further improved 
by' the simultaneous addition of choline. Incipient perosis was noted in 
the case of methionine addition (Group 3), 

The muscle creatine values showed a small and possibly' significant in- 
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crease, amounting to 0.5 mg. per gm. coincidental Anth methionine addi- 
tion in each of two comparisons (Groups 1 and 3, 2 and 4). A slight crea- 
tine elevation of 0.2 mg. per gm. accompanied choline addition in two 
comparable cases (Groups 1 and 2, 3 and 4), but is of doubtful significance. 

In respect to creatine formation, our results suggest, therefore, that a 
severe deficiency of meth 5 dating agents in the diet of the chick reduces the 
level of mliscle creatine only slightlj'', if at all. The reduction is far from 
being as marked as that which may be obtained bj’’ only partial deficiencies 
of glycine and arginine. 


SUMMARY 

1. Creatine given by intravenous injection increased the rate of growth 
and the muscle creatine content of chicks in a similar manner as when given 
in a diet deficient in creatine precursors. 

2. Hydantoic acid was not noticeably converted by the chick into gly- 
cocyamine. 

3. Dietary dcficienc 3 '’ of choline or methionine or both had a compara- 
tively slight effect on the muscle creatine content of the chick. 
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Although malaria is “the most mdespread and destructive of human 
diseases” (1), it and the Plasmodia which cause it have received scant 
attention from biochemistry. Exploratory experiments upon the metab- 
olism of malaria parasites by Christophers and Fulton, published in 1938 
(2) and 1939 (3), have been ex-tended by Fulton (4), Coggeshall (5), Maier 
and Coggeshall (6, 7), and Velick (8). Some of the principal observations 
made by these workers, emplojing several species of Plasmodia, are as 
follows: (a) blood from infected animals consumes oxygen, produces 
carbon dioxide, and destroys glucose much more rapidly than does blood 
of nonnal animals of the same species; (b) respiratory activity of cells 
infected with mature parasites is greater than that of cells which contain 
immature parasites; (c) of a large number of substrates, glucose is the most 
effective in maintaining maximal parasite respiration. 

Experiments reported in this paper were directed especiall}’’ at the rela- 
tionship between ox3"gen consumption and glucose metabolism of malaria 
parasites. Also, the influences upon parasite metabolism of variations in 
pH, osmotic pressure, and concentration of specific ions have been con- 
sidered. 

As has been pointed out by Fulton and Christophers (9) and, previously, 
by Yorke and Murgatroyd (10), knowledge of the metabolic characteristics 
of malaria parasites may lead to an understanding of the lethal action of 
quinine, atebrin, and plasmochin on Plasmodia. Such knowledge may, 
perhaps, simplify search for other antimalarial agents. Short of this, 
chemical studies should reveal the nutritional requirements and end- 
products of the metabolism of malaria parasites, in consequence of which 
in vitro cultivation may become feasible. 

Materials and Methods 

Defibrinated or heparinized blood, which behaved alike, from Macacus 
rhesus monkeys infected with Plasmodium Imowlesi was the experimental 

This study was aided by a grant from the Tennessee Valley Authoritj' through 
the Department of Preventive Medicine of the University of Tennessee. 
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material. This species of malaria parasite is espeeiall 3 ’’ suited to chemical 
stuclj' because of the relati\'e abundance of parasites obtainable from a 
single animal, and the fact that this parasite inhabits non-nucleated 
erythrocjdes, which normall.v have vciy little respiratoiy activitj'. Some 
highly parasitized specimens of blood were diluted with monkey’ serum, 
heparinized plasma, or Locke’s solution. 

O.xygen consumption was measured bj' the direct method of Warburg 
(11, 12) upon 1 or 2 cc. samples of blood. Parallel aerobic incubation of 
blood for chemical anal 3 'ses was carried out in Erlcnme 3 'or flasks which 
were fitted with CO; absorjition wells to simulate '\\’’arburg vessels, or in 

TAnt.E I 


Hematological Data on Specimens of Blood 


Fig. 

No. 

1 

Red 

blood 

1 c*‘unt 
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1 

1 

1 Cells 

Distribution of parasites 
per cent of total 
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1 j 

A’olumc 1 
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& 

Jng 

para- 

sites 

^ Rings 

Ameboids 

1 " 

1 .0 

[ ife 1 

•A 1* 

1 £ 

0 

' S 1 

S?i 

to 1 

Gameto- 

cytes 

sample 

for 

ox>*gcn 1 
uptake 1 

1 

Remarks 

1 

miilions 


1 

1 

1 
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per cent 

per cenl\ 
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1 

1 


ec. 



c.mm. 








1 

1 

1 

1.19 

2.8 

41.0 

18 

32 

49 

1 

0 

2 



5.46 

1.2 

0 






1 

2 

Counts are ivA'crages 





1 

1 



i 


\ of 5 specimens 

2 

3.5S 


31.0 

51 

3 

34 

11 

1 


Piirnsitizod blood 


5.82 

1.4 

0 






1 

Normal blood 

3 

5.00 

1 

26.2 

46 

44 

6 

2 

2 

2 


4 

2.57 

1.0 

23.3 

31 

30 

31 

5 

3 

2 

Undiluted blood 

5 

3.72 

0.5 

13.9 

1 

63 

33 

0 

3 

2 


G-7 

5.36 

2.2 

10.0 

1 

51 

42 

2 

5 

1 


8 

3.24 


11.5 


3 

' 

94 

1 

2 

1 

A, B, and C 


flasks through which a slow current of moist air was passed. The pH of 
blood incubated in both ways was found to be essentiall3’’ the same as 
that of blood incubated in AVarburg vessels. For anaerobic incubation, 
blood samples were equilibrated witli oxygen-free Nj or H;, and transferred 
without exposure to air to a tight S3u-inge which contained a steel ball. 
The syringe Avas rocked horizontall3’’ in a Avater bath and samples Avere re- 
moved through an attached needle. The rocking moAmment, b3'^ causing 
the ball to roll the length of the syringe, preAmnted the cells from settling. 
In order rapidly to effect anaerobiosis in normal blood, it AA'as equilibrated 
briefly AA'ith mixtures of carbon dio.xide and carbon mono.xide and then AAdth 
Ns or Hs until the normal pH AA'as restored and most of the carbon monoxide 
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was expelled. All samples were incubated at 37.4° and the rate of shaking 
was between 80 and 100 oscillations per minute. 

Blood glucose was determined by the Shaffer-Hartmann method (13) 
upon zinc filtrates (14). Lactic acid was determined upon zinc or mercuric 
chloride filtrates by a micro adaptation of the Friedemann-Cotonio-Shaffer 
method (15). Chemical and respiration data usually represent averages 
of duplicate or triplicate deteiTninations. The pH was determined by the 
glass electrode. Cell volume (hematocrit) was determined b}' centrifuga- 
tion to constant volume in Wintrobe tubes. Hematological data on speci- 
mens of blood and corpuscle suspensions illustrated in Figs. 1 to 8 are 
given in Table I.- Leucocj'te counts, although usually made, are unim- 
portant and are not given. Total parasite count signifies the per cent of 
red cells parasitized, 1000 red cells being examined for each count. For 
purposes of differential counts the parasites were dmded into five morpho- 
logical categories; namely, ring, ameboid, presegmenter, segmenter, and 
gametocyte. 


EXPERIMENTAL 

Comparison of Oxygen Consumption and Glycolysis of Normal and Para- 
sitized Bloods — The great differences in respiratory activities of blood of 
monkeys infected with Plasmodium knowlesi and blood of normal monkeys 
are illustrated in Fig. 1 . The normal curve represents the average behavior 
of 2 cc. samples of blood from five uninfected animals, whereas the curves 
labeled parasitized blood were obtained upon 2 cc. samples of blood from 
one heavily infected, anemic animal. Glucose was added (in Locke’s 
solution) to the blood represented by Cuiwe A, with the result, contrary to 
findings by previous investigators (2, 6), that oxygen consumption fell off 
more rapidly than in Cuiwe B, which represents the behavior of a sample 
of the same specimen of blood diluted with an equal volume of Locke’s 
solution containing no glucose. The parasitized cells in this specimen of 
blood consumed oxygen about 300 times as rapidly during the first meas- 
ured period as do cells in normal blood. Such calculations take into 
account the greater concentration of cells in normal blood, the fact that 
only 41 per cent of cells in the specimen of infected blood contained para- 
sites, and the negligible oxygen consumption (which we have confirmed) 
of normal cells and plasma in infected blood (2, 6). 

The great glycolytic activity of blood containing Plasmodium knowlesi 
IS illustrated in Fig. 2, which for comparison gives also the rate of gljxolysis 
in an average sample of normal blood. Here is demonstrated, too, a 
marked stimulation of glycolysis by anaerobiosis which has been noted in 
many expeiiments on parasitized blood. 

The following pH changes occur in aerated parasitized blood in vitro. 
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After an initial, rapid rise due to expulsion of COj, the pH usually falls 
over a period of 30 minutes or an hour, during ivliich glucose disappeai-s, 
to between 7.2 and 7.6. This fall is followed bj' a second, slow rise. The 
rate of initial fall in pH is directly proportional to the degree of parasitiza- 
tion. The magnitude of the fall is jiroportional to the initial glucose and 
lactic acid concentrations. An invei’sc relation exists between the fall in 
pH and the red cell concentration. If infected blood is fortified with 400 



Fia. 1 Pio. 2 

Fics. 1. O.xygon consumption of blood from a monkey infected with Plasmodium 
knowlcsi. The values in parentheses arc for pH at the indicated times. 350 mg. per 
cent of glucose were added to the blood represented by Curve A. Curve B represents 
the behavior of a sample of the blood diluted with an equal volume of Locke’s solu- 
tion containing no glucose. The normal blood curve represents the average results 
on specimens from five normal monkeys. 

Fia. 2. Comparison of the aerobic, glycolytic activity of normal blood and para- 
sitized blood, and the stimulating effect of annerobiosis upon glycolytic activity of 
parasitized blood. The values in parentheses arc for pH at the indicated times. 
Normal blood was aerobic but was not aerated to remove COj. Glucose was added 
to the infected blood. 

to 500 mg. per cent of glucose, the pH falls progressively until all glucose 
is destroyed or until pH 5.5 is reached, at which point both respiration and 
glycolysis cease.* 

The blood of normal monkeys destroys glucose quite slowly (20 mg. 
per cent per hour), and normal red cells from infected blood behave as do 
those in blood from normal animals. Further, anaerobiosis does not in- 

' When the pH falls below 7.0, the observed oxygen uptake is slightly less than 
the Irue uptake owing to desaturation of hemoglobin. 
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crease the rate of glycolysis in normal red cells. Aeration of normal 
blood results in a rapid rise in pH to about 8.3, but the subsequent fall, 
ouTug to glycolysis, amounts to only 0.1 to 0.2 pH unit in seA'eral hours. 
A similar small fall in pH occurs in normal blood incubated with 5 per cent 
CO 2 , in which case, howeA'er, the pH remains within physiological limits. 

In our obsen'ation that Plasmodium knowlesi produces fixed acid from 
glucose, we are not in agreement Avith Christophers and Fulton (2). Con- 
flicting results may be explained by the fact that these workers added phos- 
phate buSers to their samples of blood and cell suspension (see below). 

Relation of Concentration of Glucose to Its Effect upon Parasite Respira- 
tion — Bass and Johns (16) were the first of several groups of workers to 



Fig. 3. Effects of high concentrations of glucose upon parasite respiration. 0.5 
cc. of glucose (in Locke's) solution was added to 2 cc. samples of blood at zero time. 

claim that addition of high concentrations of glucose to blood containing 
malaria parasites favors their preservation and development in vitro. 
Fig. 3 illustrates the general results of experiments designed to test effects 
of high concentrations of glucose upon parasite respiration. At zero time 
0.5 cc. of Locke’s solution containing glucose was added from the side arms 
of respiration vessels to 2 cc. samples of blood. Only Locke’s solution was 
added to the control. Since the rate of oxygen uptake by all six samples 
during the 20 minute period immediately preceding addition of glucose 
(not shown in Fig. 3) Avas the same as by the control during the first period 
after addition of Locke’s solution, this experiment demonstrates the lack 
of effect of diluting para.sitized blood Avith small A'olumes of pbj'siological 
.salt solutions. All concentrations of glucose added in this experiment 
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decreased the oxygen uptake, although the depressing effect of 150 mg. 
per cent of glucose was transient. The progrcssiA'ely larger inhibition of 
oxygen uptake by 0.5, 1 .5, and 5.0 jier cent glucose is not attributable to 
more rapid fall in pH in samples with higher glucose concentration. Prob- 
ably part of the inhibition A\’ns due to the hypcrtonicit}’- of the added glucose 
solutions. 

Sustamitig and Restorative Action of Serinn and Alkali upon Parasite 
Respiration and Glycolysis — ^AlOicn it was found that infected blood shows 
rapid aerobic glycol 3 'sis, means were sought of studjdng parasite metab- 
olism under conditions Avhich provide frceaccess to glucose for several hours, 
yet avoid rapid pH changes. Several possibilities were considered: (a) 
use of blood with low degrees of parasitization ; (6) use of high!.v parasitized 
blood, or separated parasitized red cells,' suspended in a large volume of 
serum; (c) neutralization of accumulated acid bv frequent addition of 
alkali; (rf) addition of unplyvsiological concentrations of phosphate buffers. 
We haA'c investigated each of these j)o.s.sibilities to some extent and have 
found none to be technically ideal. 

Tlic effects u]3on oxygen uptake of diluting with serum a specimen of 
moderateli' jjarasitized blood are illustrated bj' tim results in Fig. 4. Sam- 
ples of blood and blood-serum mixtures used in this experiment were 
fortified initiallj'^ with about 500 mg. per cent of glucose. Changes which 
occurred during the first 2 hours after the blood was drawn are not given. 
Onl.y the more significant later values are shown. Fig. 4 records that 
dilution of the blood with 1 volume of serum prolonged slightl}' the abilitj’’ 
of parasites to use ox 3 'gcn. Addition of 3 volumes of serum sustained 
oxygen consumption for a much longer time. That the decrease in rate of 
oxygen uptake b 3 ’’ undiluted blood and the 1 : 1 mixture was not due to 
disappearance of glucose is indicated b 3 ’^ the fact that addition of glucose 
at times when respiration had greatl 3 ' decreased had no restorative effect. 
The acceleration in the rate of ox 3 'gen consumption b 3 '’ the more dilute 
mixture (1:3) which occurred between the 4th and Gth hours has been 
obseiA'ed repeatedbv It ma 3 ’' be due to development of more favorable 
pH conditions (6). 

The rate of ox 3 'gen consumption of parasitized blood, after becoming 
greatbv depressed as a result of sevei-al houm of aerobic glvcol 3 "sis, is mark- 
edl 3 ' and immediateh’’ accelerated following neutralization of the accumu- 
lated acid. The c.xperiment described in Fig. 5 illustrates the general 
results of a number of such experiments. Curve B represents the rapidly 
declining ox 3 'gen uptake of blood to which glucose was added at zero time. 
Curve A describes the more slowB’’ declining oxygen uptake of a sample of 
the same blood which was free of glucose at zero time and to which onl 3 ’' 
Locke’s solution had been added. At the time indicated, Locke’s solution 
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containing NaHCOj was added to the blood represented by Cun^eB and 
an equal volume of regular Locke’s solution was added to that for Curve A. 
Addition of alkali (Curve B) caused an immediate rise in pH and an ac- 
celeration of the oxj'gen uptake, whereas addition of Locke’s (salt) solution 
(Cur\"e A) was almost without effect. 

Inhibition of Oxygen Consumption and Glycolysis by Phosphate Buffers 
and Neutral Salts — In an attempt to buffer against acid which accumulates 
in parasitized blood supplied with glucose, it was discovered that parasite 




Fig. 4 Fig. 5 

Fig. 4. Effect of dilution of parasitized blood with serum upon Os uptake and pH 
(values in parentheses). 2 cc. samples of blood and 2 cc. samples of each of the 
blood-serum mixtures were used for measurement of oxygen uptake, .\rrows indi- 
cate the time of addition of 0.2 cc. of 5 per cent glucose. 

Fig. 5. Stimulation of depressed O* uptake by addition of alkali. Preliminary 
incubation of the blood had destroyed all glucose present at the time blood was 
drawn. Sufficient glucose was added to the blood represented by Curve B at zero 
time-to raise the concentration to 500 mg. per cent; sufficient iXaHCOi (0.5 m) was 
added at the indicated time to increase the base by 50 msi per liter. The values in 
parentheses arc for pH. 

metabolism is quite sensitive to changes in osmotic pressure and ion content 
of the fluid bathing the host red cells. Figs. 6 and 7 illustrate the general 
results of ten experiments in which depressing effects of phosphate buffers 
and neutral salts (NaCl and KCl) upon parasite respiration and glycolysis 
were noted. Sorensen’s phosphate buffers, pH 7.40, made up in 1 per cent 
NaCl solution to give final phosphate concentrations of 0.06, 0.13, and 
0.25 1 !, were added in equal volumes to samples of a specimen of moderately 
parasitized blood. .\s a control, equal volumes of 1 per cent NaCl solution 
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and blood were mixed. 2 cc. samples of the diluted blood mi.xtureg were 
then incubated for ox3''gcn consumption. The pH and cell volume were 
measured upon other incubated samples. In Fig. G, Cun’c A represents 
the oxygen uptake b^’- the control. Curv-es B, D, and F give the lesser 
oxygen uptakes by samples of blood to which were added 0.00, 0.13, and 
0.25 M phosphate, respectively. The pH values of mixtures at the end of 
3 hours of incubation show that even tlic Jiighcst concentration of added 
phosphate (0.25 m) did not entirely prevent a fall in pH, although it in- 
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Fig. 6. Inhibitory oflfocts of phosphate buffer (pH 7.4) nnd neutral salts upon 
the O 2 uptake and the fall in pH of parasitized blood. Curve A gives the control 
Oj uptake. Curves B, D, nnd F are for the O. uptakes after addition of 0.06, 0.13, 
and 0.25 M phosphates, respectively. Curves C, E, H, nnd I giv’e the effects of added 
0.06, 0.13, 0.25, and 0.5 M NaCl, respectively. Curves G nnd J represent the results 
obtained on addition of NaCl-KCl mixtures; (Curve G) 0.21 m MaCI and 0.017 m 
KCl, (Curve J) 0.43 si NaCl and 0.035 si IvCI. 

Fig. 7. Relationship between inhibitory effects of added buffers and salts nnd 
cell volumes (hematocrit). Fig. 6 gives the e.xplanation of the characters. 


hibited o.xygen uptake 53;' 75 per cent. The lowest concentration of phos- 
phate (0.06 m), although completely ineffective in preventing a fall in pH, 
depressed oxygen consumption about 25 per cent. Fig. 7 gives the cell 
volumes at the end of each of the three 1 hour periods plotted against per- 
centage inhibition of oxygen uptake. The characters empIo3’'ed in Fig. 7 
coi respond to those in Pig. 6, At the end of the 1st hour the volume of 
cells (normal and parasitized) in the sample of blood to which isotonic NaCl 
solution was added was 19 per cent. After the same period of incubation 
the volume of cells in the sample to which 0.06 11 phosphate (in 1 per cent 
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NaCl solution) was added was 16.5 per cent. Thus, cells in this mixture 
occupied a 13 per cent smaller volume than those in the control. During 
the same period oxj'gen uptake by these cells was 30 per cent less than by 
the control. Addition of 0.13 m phosphate decreased the cell volume 20 
per cent and caused 60 per cent inhibition' of the oxygen uptake. Inhibi- 
tory and shrinking effects of 0.25 m phosphate were stiU larger. 

In order to determine the extent to which the hj'pertonicity of added 
solutions may cause inhibition of oxj'gen uptake, other samples of the 
same specimen were diluted (1:1) with hj'pertomc solutions of NaCl and 
NaCl-KCl mixtures. The ratio Na'*':K‘*' in the latter solutions approx- 
imates that in serum. Curv’es C, E, H, and I (Fig. 6) show graded inhibi- 
torj' effects of hj’pertomc NaCl, and Cur%'es G and J give the effects of 
NaCl-KCl mixtures. The composition of these added solutions is pven 
in the legend of Fig. 6, where indicated molar concentrations signify excess 
salt; i.e., the concentration over and above that in 1 per cent (0.17 m) NaCl. 
Comparison of the effects of equimolar concentrations of phosphate and 
NaCl shows that NaCl produced slightlj' greater inhibition. Replacement 
of part of the NaCl A'dih KCl did not lessen this effect. Fig. 7 shows that 
the greater inhibitions of NaCl, when compared with phosphate, are not 
due to greater shrinkage of the red cells, although a possible greater effect 
of NaCl upon the volume of parasiies is not excluded. On the basis of the 
change in red cell volume, NaCl is more damaging to respiration than is 
phosphate. 

In Several ex-periments added phosphate -c’as incorporated in Locke’s 
solution or in serum. In others, isotonic m/15 phosphate was added. 
But in no case did phosphate enhance or prolong oxj'gen uptake. On the 
contrary, phosphate in concentrations which buffered significantlj' alwaj’s 
depressed oxj’gen consumption. The degree of depression and the rapidity 
with Avhich it develops depend upon the amount of phosphate added and 
morphological characteristics of the parasites, parasites in the ring and 
early ameboid stage being less affected than mature parasites. We are led 
to conclude that phosphate is contraindicated as a means of controlling 
the pH of blood containing Plasmodhtm knowhsi. 

In several experiments the effects of adding hjqjotonic salt solutions and 
water have been tested. In such instances, even rvhen hemolj’sis was 
negligible, both respiration and glj’colj’sis w'ere depressed. Clearly, 
malaria parasites, although contained within erj'throcjdes, are quite sen- 
sitive to changes in the ionic composition and osmotic pressure of the 
fluid bathing the host cells. 

Lactic Acid As Substrate for Parasite Respiration — As was stated above, 
the glucose initiaUj'. present in a sample of moderatelj' or highlj' parasitized 
blood is destroj'ed during the 1st hour of incubation in vitro, yet at such 
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time Plastnodinm kiwwksi nia.y continue respiring at n constant or even 
accelerated rate. Tliis inclifforencc to glucose -per sc shows that tlie paral- 
lelism between gl}’’colysis and re.spiration emphasized bj’ i\Inicr and Cog- 
geshall (G) was entirely fortuitous. Additional evidence that respiration 
is dependent only indircclhj upon glycolj'.sis is afforded by several experi- 
ments in which resj^iration was decreasing at a time wlicn the rate of gl.v- 
colysis was relatively constant. In other experiments the converse was 
true. In still othem respiration was proceeding at. a cotistant rate at a 
time when glycolysis was accelerating. 

These facts suggested that one or more of the stable products of glycolj'- 
sis arc substrates for oxygen utilization. Accordingly, we have investi- 
gated the possible sustaining action of lactate, upon parasite, re.spiration." 
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Fig. 8. Comparison of lactate awl glvwose as substrates for parasite respiration, 
and the utilization of lactate and glucose in relation to 0: uptake. The initial lactic 
acid was 212 mg. per cent (A) and 28 mg. per cent (B); the final lactic acid, 164 mg. 
per cent (A) and 75 mg. per cent (B). In the ease of C no substrate was added. 
The ascending scale on the right-hand margin of B is for lactate increase in mM 
per liter. 

Fig. 8 illustrates typical results of several e.xperiments in Avhich a specimen 
of parasitized blood rvas centrifuged and the cells tvere tvashed several 
times Avith Locke’s solution to rid them of glucose and diffusible products 
of glycolysis. One sample (Fig. 8, A) of AA^ashed cells AA'as suspended in 
Locke’s solution wdiich contained 200 mg. per cent of sodium dWactate. 
A second sample (Fig. 8, B) Avas suspended in Locke’s solution containing 
200 rag. per cent of glucose. A third sample (Fig. 8, C) AA'as suspended 
in Locke’s solution to AA'hich no substrate Avas added. All suspensions 
AA'ere initially pH 7.4. The rate of oxjfgen uptake by 2 cc. samples of each 
of these suspensions Avas measured over a period of 3 hours. At hourly 

* A preliminary report of experiments upon pyruvic acid metabolism of these 
Plasmodia has appeared (17). 





W. B. WEXDKL 


31 


inten'als lactic acid was detennined in A and B, and glucose was deter- 
mined in B. As shown in C, the parasites used oxj-gen slowlj' when 
neither glucose nor lactate was added. Comparison of the cun'es for 
osj^gen uptake in A and B shows that for about 30 minutes lactate and 
glucose produce equal stimulation of parasite rKpiration. Following 
this brief period of comparable rates of oxj'gen uptake the sample to 
which glucose was added showed the more rapid decline, and by the end 
of 3 hours had essentially ceased respiring. These results are contrarj* 
to those of Christophers and Fulton (2) and Maier and Coggeshall (6), 
who found glucose superior to lactate as substrate. 

In Fig. 8, A, destruction of lactate falls off more rapidly than does oxj-gen 
uptake. During the 1 st hour the molecular ratio of extra oxj-gen consumed 
(oxj'gen uptake in A minus that in C) to lactate destroj'ed was about 1:1. 
During the 2nd hour the ratio was 2:1, and during the 3rd hour it was 3:1. 
It must be concluded either that lactate is progressivelj’ less used as sub- 
strate or that it becomes more completelj' oxidized. Fig. 8, B shows that 
about one-half of the destroj'ed glucose accumulates as lactic acid and 
that the remainder could have been onlj' partiallj' o.xidized. 

Evidence that the decreasing rates of lactate utilization and oxj'gen 
consumption seen in Fig. 8, A are not due to the artificial character of 
the medium (Locke’s solution containing df-lactate) is furnished bj' e.xper- 
iments upon highlj' parasitized defibrinated blood which, after brief incuba- 
tion, contained high concentrations of natural lactic acid and no glucose. 
In such experiments, as in the above one, both lactate utilization and 
oxj'gen consumption declined from the beginning, and the ratio of oxj'gen 
consumed to lactate destroj'ed increased progressivelj'. Addition of 
lactate at the end of 3 hours did not influence the rate of decline of oxj'gen 
consumption. 

Brief, rapid centrifugation of parasitized blood, a necessarj- step in the 
above experiment, ordinarilj' does not affect the ability of parasitized 
cells to consume oxj'gen or to destroj' glucose when thej' are resuspended 
in serum. Some loss in both activities is noted if the centrifuged, washed 
cells are suspended in glucose-Locke’s solution, 

A' umber and Character of Parasites in Relation to Metabolic Activity — 
Variations in rates of oxj'gen consumption in e.xperiments alrcadj' cited 
are due in part to differences in degree of parasitization of the samples of 
blood emploj'ed. If, however, rates of oxj'gen uptake of a unit number 
of parasites in each specimen are compared, large variations are still noted. 
For purposes of comparing respiratoiy actirities of a unit number of para- 
sites in different specimens, the o.xj'gen uptake of 10“ parasites was cal- 
culated. Onlj' those specimens of blood which were used immediatelj' 
after aithdrarv.al and which received no treatment except defibrination 
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or heparinization and dilution with 1 volume of senim or physiological 
salt solution were considered. The first 100 c.mm. of oxygen consumed 
were employed in calculation of the rate. O.xygcn comsumption of para- 
sites in thirty-five different specimens of blood which met these require- 
ments varied between 157 and 2280 msi per 10’* cells per hour. These 
values were obtained by subtracting from the obscrv’cd oxygen uptake 
of a sample of infected blood the calculated uptake of the contained unin- 
fected red cells, the latter having been found to consume o.xygcn at an 
average rate of 5 niM per 10” cells per hour. 

Aerobic glycolytic activity of various samples of parasitized blood varies 
as widely as does respiration. Comparison of a unit number of normal 
red cells with parasitized cells reveals that the latter destroy glucose 5 
to 70 times as rapidl5'’ as the former. 10” normal red cells destroj' glucose 
at an average rate of 20 niAt per hour at 37.4°. 

The Avide variations in oxj'gen consumption and gl3Xol3dic activit3’’ of a 
unit number of parasites have been correlated onb' roughl3’’ with morpholog- 
ical forms and sizes of parasites. The small ring forms consume oxygen 
and destroy glucose least rapidly and, perhaps, most uniformly. iVmeboid 
(lialf grown) forms arc mctabolicalb' more active than ring forms, and 
presegmenter and segmentcr (full grown) forms geneVall3' show the greatest, 
but most erratic, activity. The most rapid rate of o,\3'gen uptake was 
obtained upon a specimen of blood in which the parasites were about 
equall3'' divided between ameboid and presegmenter forms. 

Chemical Inhibitors — Sodium C3'anide (0.01 m) and o.xalate (0.03 Ji), 
as emplo3’^ed by hlaier and Coggeshall (G) to prevent coagulation, greatb' 
depress ox3''gen consumption of parasitized blood. Sulfanilamide (5 to 
40 mg. per cent) is, contrar3’^ to Coggeshall (5), quite without effect upon 
parasite respiration. Also, met.h3'lene blue (0.001 per cent), malonic acid 
(0.01 n), and sodium citrate in sufficient concentration to prevent coagula- 
tion have no significant influence upon parasite respiration for several 
hours. 


DISCUSSION 

The great aerobic, gb'colytic activit3'-, the consequent rapid decline in 
oxygen consumption, and the sensitivit3>- of Plasmodium knowlesi to changes 
in composition of the medium bathing their host cells are properties of 
these parasites which pose difficult problems for m vitro study of their 
metabolism. Another difficulty occasional^’' encountered is spontaneous 
clumping of cells in parasitized blood. A sample of blood which, after 
defibrination, contains uniformly dispersed cells may become macroscopic- 
ally clumped after an hour or two of incubation. Other factors which 
complicate chemical studies of malaria parasites are inherent in the host- 
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parasite relationship. Plasmodia nonnally inhabit l ed cells, at the e.vi)ensc 
of which they undergo rapid and extcn-sive changes in .size and structure. 
Such a relationship suggests a dependence of the parasite upon constituents 
and, perhaps, metabolic processes of the host cell. Also, the parasite very 
probably depends upon the host for disposal of end-products of its metab- 
olism. Such products, if allowed to accumulate, might veiy quickl 3 ' 
destroj' the parasite. Indeed, we have noted that parasites in defibrinated 
blood to which nothing has been added undergo such extensive morpholog- 
ical changes in the course of 6 to 8 hours of incubation as to suggest that 
most of the parasites are no longer alive.^ Yet at such times samples of 
infected blood ma 3 ' be consuming ox 3 ’’gen at 50 to 75 per cent of the initial 
rate. 

The first practical outgro^vth of studies upon the metabolism of malaria 
parasites should be discovery of conditions favorable for their maintenance 
and development in vilro. Indeed, our experience suggests that attempts 
to discover new antimalarial drugs through in vitro studies will make little 
progress until methods of artificial cultivation of Plasmodia are devised. 
The experiments reported in this paper indicate some of the difficulties 
which may be encountered in attempts to cultivate Plasmodium knotolesi 
and, by inference, Plasmodia which infect man. 

SUMMARY 

Blood from Macacus rhesus monke 3 's infected with Plasmodium knowlesi 
consumes oxygen and destroys glucose in vitro with great rapidity as com- 
pared with blood from normal monke 3 's. Parasitized red cells account for 
the unusual activity. Approximately half of the destroyed glucose is con- 
verted to lactic acid; the remainder is onl 3 '’ partiall 3 '’ o.xidized. Anaero- 
biosis stimulates glycoB'sis by infected red cells, but has no effect upon 
normal erythrocytes. Under comparable conditions of pH, lactate and 
glucose are equally good substrates for respiration. Lactate, like glucose, 
is incompletel 3 ’’ oxidized. 

Parasitized blood to which nothing is added consumes oxygen for many 
hours, although it becomes free of glucose, if heavily parasitized, within 
30 minutes or an hour. Fortifying infected blood with several hundred mg. 
per cent of glucose leads to rapid fall in pH and decline in oxygen consump- 
tion and glycolysis. Both metabolic processes cease at pH 5.5. Other 
factors which are unfavorable to preservation of active metabolism in 
vitro are addition of phosphate, cy'anide, and o.xalate, hypertonic solutions 
of neutral salts, replacement of serum with physiological salt solutions, 
and spontaneous clumping of red cells. Favmrable to prolongation of 

* Morphological studies vv'erc by Dr. Redginal Hewitt of the Tennessee Valley 
Authority. 
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active parasite metabolism are low degrees of parasilization of specimens, 
dilution with serum, and neutralization of the accumulated acid. Factors 
which usually have no significant influence upon rosi)iriition or glycol3'sis 
are brief centrifugation, moderate dilution of blood with phj-siological 
salt solutions, and the addition of heparin, cit rate, malonatc, sulfanilamide, 
and methylene blue. 
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During attempts to isolate a pea virus from infected aphids, Macro- 
siphum pisi, by differential ultracentrifugation, it was observed that a 
relatively large amount of a high molecular weight substance was sedi- 
mented from the extract. The material formed transparent gel-Iike 
pellets, which redissolved readily in water, giving an opalescent solution. 
By several repetitions of the procedure of sedimentation and re-solution, 
clear, translucent pellets were obtained free from nitrogen and phosphorus. 
As a similar material was also found in extracts of normal insects, its 
presence was evidently not associated with the diseased condition of the 
aphids. A similar product was isolated from extracts of Aphis brassicae^ 
by the method of Sahyun and Alsberg for the preparation of glycogen (1). 
Samples obtained from both Macrosiphum pisi and Aphis brassicae gave 
the characteristic iodine reaction for glycogen as well as glucosazone after 
hydrolysis. As a further proof of the identity of the material glucose 
iS-pentaacetate was prepared from its hydrolytic products, and the rate of 
hydrolysis of the polysaccharide in 0.5 n sulfuric acid was determined. 

Further experiments in the ultracentrifuge showed that about 78 per 
cent of the glycogen present either in e.\tracts of aphids or of rabbit liver 
could be readily sedimented in a centrifugal field of about 79,000 X g. 
The gel-like mass of glycogen which separated contained about 64 per 
cent water, was isotropic, and could be dissolved in 1 or 2 volumes of 
water to give relatively concentrated solutions which showed only a slight 
opalescence. As these were diluted, however, the opalescence increased, 
and the solutions showed the typical appearance of glycogen solutions. 
After four cycles of centrifugal purification, liver glycogen was isolated 
that contained only 0.0015 per cent phosphorus. 

experimental 

Collcclion of Aphids — ^The aphids, Macrosiphum pisi, used in the pre- 
luninarjy experiments were raised in a greenhouse of The Rockefeller 

' The authors arc indebted to Professor G. F. Ferris for the identification of these 
aphids. 
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Institute for Medical Research in New Jersey bj' Dr. H. T. Osborn.’ 
Those used later, Aphis brassicac, were found on wild mustard plants 
growing in an orchard near Palo Alto, California. Hie insects were 
brushed from the plants, frozen immediately with dry ice, and were stored 
in a freezing chamber until used. About 139 gm. of ^facrosipJn^m pisi 
and about 400 gm. of Aphis brassicac were collected. 

Isolaiion of Aphid Glycogen by Differential UUraccnlrifugalion — ^/ibout 
50 gm. of frozen aphids were ground in a mortar with 30 to 40 cc. of ice- 
cold 3 per cent trichloroacetic acid as described by Saliyun and Alsbcrg (1) 
for the preparation of liver glj'cogcn. A little Hj'flo Super-Cel was added 
to facilitate grinding. The rather viscous suspension was filtered with 
suetion through a la3'er of Hj'flo Super-Cel, and the solid was roo.\tracted 
two additional times b.v grinding with fresh portions of cold trichloroacetic 
acid. The green slightlj’' opalescent filtrate, whieh amounted to about 
100 cc., was centrifuged in a qu.antitj' ultracentrifuge of about 112 cc. 
capacity at 600 revolutions per second for 2 hours (2, 3). The clear 
supernatant fluid was pipetted off, the sedimented, gelatinous pellet was 
redissolved in about 50 cc. of water, and the filtered solution again ultra- 
centrifuged as before. After two additional repetitions of the above 
procedure translucent, gel-like pellets of gl3’cogcn were obtained. These 
dissolved readity in water, giving the characteristic opalescent gtycogen 
solution from which the solid could be obtained b3’- precipitation with 
alcohol. The 3deld from 50 gm. of either l^Iacrosiphim pisi or Aphis 
brassicae was appro.ximately 500 mg. An air-dried sample from Aphis 
brassicac prepared for analysis 63'’ washing with alcohol and ether con- 
tained 10.5 per cent moisture (dried in vacuo over phosphorus pentoxide 
at 110°) and no ash. On a dr3’' weight basis it contained 44.47 per cent 
carbon and 6.47 per cent h3^drogen. Thcor3’' for (CcHioOs)!, C 44.4 and 
H 6.2 per cent respectivel3^ 20 mg. samples of a thrice sedimented 
preparation from Macrosiplmm pisi were anatyzed for phosphorus by the 
method of Kng (4) and for nitrogen b3'' micro-Kjeldahl determinations. 
In both cases the amounts present were less than the experimental error. 

Tire trichloroacetic acid extract from a total of 353 gm. of Aphis aphids 
worked up b3’' the method of Sah3uin and Alsberg gave a total 3deld of 
3.78 gm. of air-dried product. After being reprecipitated from water with 
alcohol and washed with alcohol and ether, an air-dried sample contained 
7.4 per cent moisture, 4.69 per cent ash, and 0.067 per cent phosphorus. 
The specific rotation corrected for ash and moisture was [q:]d° = d-194° 
(c, 0.4 per cent). The specific rotation of liver gtycogen under similar 
conditions has been reported as -1-190° to -1-200° (5). Like liver gtycogen. 
prepared b3’^ the usual methods, aphid gtycogen in solutions eontaining 

’We would like to express our thanks to Dr, Osborn for these aphids. 
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1 mg. or more per cc. gave the typical wane-red color wdth iodine solution. 
The test with a solution containing 0.3 mg. per cc. was barely perceptible, 
and with less than this concentration no definite reaction was observed. 

Isolation of Liver Glycogen by Differential Centrifugation — ^Liver glycogen 
•was extracted from rabbit liver -with trichloroacetic acid, and one-half 
the extract was ■R'orked up b5' the method of Sahyun and Alsberg for the 
preparation of glycogen. The remainder of the extract was ultracentri- 
fuged as mentioned above. After three cycles of centrifugal purification 
78 per cent of the glycogen found by the method of Sahyun and Alsberg 
was recovered in the sedimented pellets. This sample, after it had been 
•washed with alcohol and ether, contained 0.003 per cent phosphorus on a 
drjf weight basis (in vacuo over phosphorus pentoxide at 110°). After a 
fourth sedimentation the phosphorus content decreased to 0.0015 per cent. 

Liver glycogen prepared by ultracentrifugation was free from ash, and 
gave typical opalescent solutions and the characteristic iodine reaction. 
An analysis for carbon and hydrogen gave C 44.03 per cent and H 6.32 
per cent, in agreement with the theory. Both aphid and liver glycogen 
prepared by ultracentrifugation •were resistant to the action of hot 30 
per cent potassium hydroride (6). 

Hydrolysis and Preparation of Glucosazone — The conditions chosen for 
hydrolj'sis were those which Sahyun and Alsberg (7) found to give a maxi- 
mum reducing value. 100 mg. of the Macrosiphum aphid polysaccharide 
were refluxed with 10 cc. of 0.5 n sulfuric acid for 4 hours. The sulfuric 
acid -was removed quantitatively -with barium hydro.xide, the solution 
concentrated in vacuo to 2 cc., and the osazone prepared by Fischer’s 
method (8). The yield w'as 22 mg. After recrj^stallization from dilute 
alcohol, the melting point was 206-207°. A mixture with an equal part 
of an authentic sample of glucosazone melted at 207°. 

The rotations of acid hydroly^sates obtained as described above from 
both the aphid poly'saccharide and from liver gly'cogen prepared by the 
Usual method (1) were determined. Under these conditions despite the 
fact that the solutions show a maximum reducing po'wer, the specific 
rotations, on the assumption that the theoretical amount of glucose had 
been formed, were -{-66° and -f-65° for the aphid and liver glycogen re- 
spectively' as compared to the theoretical of +52.5°. A similar e.xperi- 
ment with 1 n sulfuric acid gave a value of -{-56.4°. IVhen 1 x hy'drochloric 
acid was used, however, and the solutions ■were heated in a boiling -water 
bath for 4 hours, values of -b52.4° for the aphid gly'cogen and -{-53.6° for 
liver glycogen were obtained. 

Preparation of Glucose P-Pcntaacelate — 0.92 gm. of polysaccharide from 
Aphis hrassicac in 0.5 x sulfuric acid was hydroly'zed by- heating in a boil- 
ing water bath for 4 hours, and the resulting solution freed from sulfuric 
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acid and concentrated as described above. Tlic sugar solution was taken 
to dryness in a desiccator, and the residne treated \vith giacial acetic acid 
for the ciystallization of /3-ghicose as described by Hudson and Dale (9). 
An almost solid crystalline mass was obtained after the solution had been 
seeded with jS-glucose. The acetic acid was removed, and the sugar 
residue was accHdated with pyridine and acetic anhydride (10). The 
yield of acetylated product was about 05 per cent, of the theoretical. This 
material after two crystallizations from alcohol melted at. 100-105°. 
After three additional rccrystallizations 1 1 mg. were obtained with a 
melting point of 129-130° (corrected), the .same ns that of /3-glucose penta- 
acetate. A control e.vperimcnt carried out in a similar manner with 0.97 
gm. of liver glycogen (prejuired in the usual way) gave a yield of about 
70 per cent of the tlicory of crude acetylated jjroduct. This after four 
recrystallizations yielded 50 mg. of iicntaacefate which also melted at 
129-130°. An equal mi.xture of the two purified .samples .showed no 
depression of the molting point. 

The yields of purified /3-pentaacctate were relatively small compared to 
that obtained by Hudson and Dale from pure /3-gIuco.se. Although an 
attempt w’as made to con\’crt the sugar residue to (3-glucosc before acetyla- 
tion, the rotations of the crude acetylated products in both the ca.so of the 
aphid and of the liver glj’cogcn suggested that both a- and /3-glucose 
pentaacetate were present. The siiccific rotations of an S.l j)cr cent 
solution of the crude pentaacetate from tlie aijhid glycogen and of a 9.5 
per cent solution of that from the liver glycogen, in glacial acetic acid in 
both cases, were d-G0° .and -{-03° rcspecti^-cly. The specific rotations of 
pure a- and /3-glucose pentaacetate under similar conditions are -1-108.8° 
and -}-4.4° respectively (10). 

Qualitative Tests for Presence of Sugars Other Than Glucose — Qualitative 
tests with about 10 mg. each of hydrolyzed aphid glycogen. Aphis bras- 
sicae, were made with Schiflf’s reagent and with 1 per cent diphen 3 ’lamine 
in glacial acetic acid for desox.v sugars, witli Dial’s reagent for pentoses, 
and with Seliwanoff’s reagent for keto sugars. These tests all gave 
negative results. 

Rale of Hydrolysis of Aphid Glycogen — The rate of hydrol.ysis of aphid 
gl 3 'cogen, Aphis brassicac, in 0.5 n sulfuric acid was determined to com- 
pare its behavior ndtli that of liver gl 3 ’-cogen. The exjjeriments were 
carried out under the conditions described b 3 f Sah 3 'un and Alsberg (7) 
with the exception that a 0.05 per cent solution of gl 3 'cogen instead of 
0.2 per cent was used. The sugar formed was determined after neutraliza- 
tion of the solution by the Hanes modification (11) of the Hagedorn- 
Jensen method. The rate of h 3 ’^drol 3 'sis of aphid glycogen, as of liver 
gl 3 'C 0 gen, follows that of a pseudomonomolecular reaction. The average 
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value of the reaction constant was 0.0119 ± 0.0008,’ as compared to that 
of 0.0114 found for liver glj'cogen by Sahjmn and Alsberg. 

No attempt was made to determine the reducing value of the aphid 
glj'cogen before hydrolysis. In the rate experiments, however, the sodium 
thiosulfate titration of the blank and of 2 to 3 mg. of glycogen at zero 
time provided a measure of the reducing value of the glj'cogen. The 
titrations of the blanks and of aphid glycogen samples prepared either 
by the method of Sahyun and Alsberg or by ultracentrifugation were not 
significantly different. These results showed that .such .samples of glycogen 
did not possess an appreciable reducing power. 

Hydrolysis by Salivary Amylase — ^22.3 mg. of aphid gl 3 'cogen. Aphis 
brassicac, dissolved in a solution of 20 cc. of 1 per cent sodium chloride and 
20 cc. of 0.05 M phosphate buffer at pH 6.6 were treated at 38° with 10 cc, 
of a 1:10 dilution of saliva. 5 cc. portions were removed at interv'als 
and analyzed for reducing sugar as mentioned above. After 50 minutes 
the sugar concentration calculated as glucose reached a constant value, 
equivalent to approximately 55 per cent of the theoretical. 

Sedimenlaiion of Glycogen from Dilute Solution — In the first experiments 
in which aphid glycogen was found to be sedimented during ultracentrifu- 
gation, the concentration of the solution was about 0.5 per cent. It was 
of interest to determine whether .sedimentation could be obtained from 
more dilute solutions. 10 cc. each of solutions containing from 2,9 X 10“* 
to 0.29 per cent were used. The solutions were centrifuged at 550 revolu- 
tions per second for 1| hours, the supernatant hquid was pipetted off, and 
the .sediment was analj’zed for glucose after hj’drolysis with sulfuric acid. 
^^'hile the accuracj’^ of the determination for the .smaller amounts of glj’co- 
gen was low, the e.xperiment showed that about 80 per cent of the glj-cogen 
present even in the most dilute solution could be recovered bj- ultra- 
centrifugation. 


DISCUSSION' 

The isolation of glj'cogen b.v differential centrifugation brings confirma- 
torj- evidence as to its large pai-ticlc weight. TliLs is in agreement with the 
osmotic pre.s.sure measurement.s of Oaklej’ and Young, which .show a 
molecular weight of about 2 million for gK’cogen prepared bj' the usual 
methods (12). Unlike the “particulate glj'cogen” described bj- Lazarow 
(13), the material obtained bj’ ultracentrifugation is free from nitrogen. 
It is not likely that the sedimentation of glj'cogen in a centrifugal field of 
about 79,000 X jr is due to the presence of large phj-sical aggregates for 
two reasons. Tlie material can be sedimented repeatedlj' from solution, 

* Probable error of a single observation. 
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and about 80 per cent of tlic amount present even in a 3 /X 10~' per ccn^ 
solution was recovered in the sediment. 

It has previouslj’- been impossible to prepare glj’cogen with a phosphorus 
content of less than 0.01 per cent except by procedures which could have 
resulted in the hydrolysis of combined pliosphorus (14, 15). Its preparation 
with a phosphorus content of 0.0015 per cent by a simple physical method 
.shows that not more than 1 atom of iihosphoru.s jior molecular weight of 
2 X 10® can be present in organic combination in the glj’cogen molecule. 

SUMMAnV 

The isolation of glj’cogen from extracts of aphids or rabbit liver bj’ 
differential ultracentrifugation and the identification from the fust men- 
tioned source bj’ the preparation of glucosazonc and /S-glucosc penta- 
acetate arc reported. It has been demonstrated that such preparations of 
glj’cogen contain about 0.0015 per cent phosphorus. 

We are indebted to Professor E. W. Schultz of the Department of Bac- 
teriologj’ and Experimental Pathologj’ for the use of the iiltracentrifugc. 
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THE -^^RATRINE ALKALOIDS 
XV. ON RUBIJERVINE AND ISORUBIJERVINE 

Bt WALTER A. JACOBS and LYMAN C. CRAIG 
{From the Laboraloriee of The Rockefeller Instiiulefor Medical Research, New York) 

(Received for publication, January 13, 1943) 

In the course of our more recent studies on the veratrine alkaloids, the 
analjdical data which have gradually accumulated have made it increas- 
in^y evident that the older formulations of jervine, rubijervine, and prob- 
ably gennine require revision. It appears now that all of these alkaloids 
are Cj7 compounds, as already accepted in the case of the closely related 
cevine, CjiHaOsN, and are built up on the same general h3’'drocarbon ring 
sj'stem which is probably if not identical at least closelj’^ related to that of 
the sterols. The individual cases will be discussed in separate communi- 
cations. 

Rubijervine from Verairum album was first isolated by Wright and Luff 
(1), who chose this name because of the red coloration developed by its 
solution in sulfuric acid and because of its association with jervine. They 
derived the formulation C^sHijOjN, which has been accepted by later 
workers (2, 3). Recently, Poethke (3) has described it as a tertiary base 
which possesses two active H atoms perhaps contained in two hydroxyl 
groups, although only a monoacyl derivative, viz. a p-bromobenzoylrubi- 
jervine, was obtained. In the course of our oira studies, the analytical 
data obtained with rubijervine and a number of its derivatives have been 
in closer agreement nith the formulation, C27H«302N. In addition to the 
already recorded hydriodide, the hydrohromide and diacetylruhijervine were 
studied. The formation of this diacetjd derivative, which still possesses 
basic properties, definitelj' establishes the presence of a tertiary N atom, 
as well as two hydroxyl groups in the molecule. Rubijervine did not jield 
an acetonyl compound. Attempts to hj'drogenate it with platinum oxide 
catalyst also proved to be negative. 

On dehj'drogenation with selenium, rubijerrme jielded a volatile basic 
fraction, the major portion of which was found to be 2-ethyl-5-methyl- 
pjTidine, which we have already described as a degradation product from 
cevine (4), jenine (5), and protoveratrine (6). This at once strengthens 
the probabilitj- of a close structural relationship among them. A large 
resmous residue remained undistilled during the dehj'drogenation from 
W'hich an appreciable ether-soluble fraction could be obtained. The latter 
on extraction with acid j'ielded a resinous mixture consisting partly of 
salts of basic material, but attempts to separate anj' homogeneous sub- 
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stance from tliis fraction were unsuccessful. Tliere was no evidence of 
the production of cevanthridino. 

On tlic otlier liand, the neutral fraction of the dehydrogenation products 
proved of greater interest. Wien this material was fractionated chroma- 
tographically, a relativelj’ large hydrocarbon fraction was obtained which, 
on fractional distillation, yielded a crystalline hydrocarbon which melted 
at 74-77°. Analyses of this substance were in e.vccllcnt agreement with 
the formulation CisHic. This was .supported by analyses of the yicraic 
(131-132°) and of the triniirohcnzcnc compound, which melted at 144-145°. 
A second more tenaciously adsorbed .substance was eluted from the alumina 
with methanol and melted at 130-138°. From its analysis and properties, 
it proved to be a phenol, Ciflrii60. It was soluble in warm alkali and 
eoupled with diazonium salts. It is, in all probability, a phenolic deriva- 
tive of the above hydrocarbon Cigllie. 

The formulation CisHic of the hydrocarbon and its ultraviolet absorption 
spectrum' given in Fig. 1, ns well ns the conditions of its production, sug- 
gest at once a methyleycloirentcnophonnnthi-cno. The close resemblance 
of this curve to the accompanying one given by 1 ,2-cyclopcntenophenan- 
threne, reproduced from that given by Mayncord and Roe (7), is at once 
apparent. Since its molting point irroved to be much lower than that of 
Diels’ hydrocarbon (120-127°), it is most likely isomeric with the character- 
istic dehydrogenation product of the sterols. Tlie molting points of the 
hydrocarbon and its trinitrobcnzenc compound are, however, close to those 
recorded by Ruzicka, Ehmann, Goldberg, and Hosli (S) for a-mcthyl-1, 2- 
cyclopentenophenanthrenc and its derivative of 70-77° and 143-144 
respectively. This will be checked further when the opportunity is pre- 
sented. At any rate, on the basis of film measurements on rubijervine, 
which w’ill be published elsewhere and which have indicated an extended 
hexac3'clic condensed ring sj'stcm such as occurs in the sterols and triter- 
penes, it is most probable that the isomerism of this hj'drocarbon w'ith 
Diels’ h.vdrocarbon is restricted to the position of the method group. This 
would lend support to the provisional picture of the structure of the vera- 
trine alkaloid nucleus as alrcadj’’ presented in connection with our studies 
on the degradation of cevine (9), such as is reproduced in Formula I. lu 
this formula. Ring B has been assumed to be 5-membered. The possibility 
of such an arrangement was based on the production b_v oxidation of a 
hcxanetetracarboxylic acid, for wdiich a formula was derived which con- 
tains 2 quaternaiy C atoms, and also on the production of fluorene hydro- 
carbons instead of phenanthrene derivatives on dehydrogenation. In the 
case also of jervine, evidence has been obtained that dehj^drogenation has 

* The absorption spectra curves were kindly determined by Dr. G. I. Lavin of the 
Rockefeller Institute. 
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resulted in the production of fluorene hydrocarbons. Oxidation studies 
have not as yet been attempted -with rubijervine. The production of the 
hexanetetracarboxylic acid from cevine (and more recently from germine), 
if not the result of a ring contraction, strongly supports the S-membered 






Fig. 1. Absorption spectrum curves. The dash line represents l,2'cycIopenteno> 
phenanthrene; the continuous line, CjgHie hydrocarbon from rubijervine. 



character of Ring B. It is still possible that instances in which Ring B is 
6-membered, as in the sterols, will be found in the veratrine alkaloids, and 
the experience with rubijer\dne is particularly suggestive in this regard. 
The production of the above methjdcyclopentenophenanthrene presents 
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some analogy to the published experience with the potato alknmino sol- 
anidine (10). The latter is considered to be a sterol derivative, since it 
yields Diels’ h 3 'drQcarbon on deh.ydrogcnntion and forms a digitonidc. In 
accordance with results being presented elsewhere, the probable close 
analogj’- of the potato alkaloids to the veratrine alkaloids lias been made 
quite definite bj’- our isolation in relativcl}' good 3 'icid of a volatile base on 
deh 3 ’'drogenation of solanidino which has been identified as 2-cth3'l-3- 
meth 3 dpyridine. Our slud 3 ’ of the In'drocarbon fraction of the dehydro- 
genation mixture is still in progress. 

Our main source of rubijemne was the mother liquor which had accumu- 
lated after removal of all alkaloidal material which co'stallizcd directly 
from the purified alkaloidal fraction. Although rubijendne and its isomer 
described below could be rcadib* obtained directly b 3 ‘ chromatographic 
anabasis of such mother liquor, the method was too cumbersome for large 
scale work. The conijilex amorphous fraction was, therefore, first saponi- 
fied and extracted with chloroform. A copious, sparingb’-solublc, cr 3 'stal- 
line chloroform compound of germine separated, which carried with it an 
appreciable fraction of rubijervine. Tlic chloroform-soluble fraction, 
however, became also the source of rubijen’ine, as wcH’ns of the following 
substance. During the isolation of rubijon’inc, we have constantb’ en- 
countered roughly the same amount of a more soluble alkaloid which 
analysis both of the base and of the hydrohromidc has shown to be isomeric 
with rubijervine. The trivial name, isomhijcrvinc, has therefore been 
adopted. Preliminar 3 ’' attempts to isomerizc rubijervine with acid or 
alkali have not 3delded this new alkaloid. It is probable that it occurs as 
such preformed in the plant. Its investigation was at first complicated 
by the fact that it ciystallizes in different forms with different melting 
points, the production of which depended upon the exact procedure em- 
ployed. 


EXPERIMENTAL 

In an earlier paper (6), the procedure was described which was employed 
for the isolation of protoveratrine from benzene extracts of the roots of 
Veratrum album. A second fraction also containing some of this alkaloid, 
as well as a third fraction of more soluble alkaloids, gradualb'- cr 3 '’stallized 
after man 3 ’’ w'eeks standing. The investigation of the more soluble cr 3 ’'stal- 
line alkaloids contained in these fractions we hope to describe at a later 
time. 

The final viscous mother liquor which had accumulated from 128 kilos 
of hellebore roots, and Avhich weighed about 1700 gm., was found to contain 
approximately 1200 gm. of resinous material. 750 gm, of this viscous 
mother liquor were dissolved in 4 liters of methanol which contained 250 
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gm. of NaOH. For saponification, the mixture was heated at 60° for 30 
minutes and then allowed slowly to reach room temperature. It was 
gradually treated.with 475 cc. of HCl (1.19), and the still alkaline mixture 
after being chilled was filtered from NaCl. The filtrate was concentrated 
in vacuo to remove most of the solvent and after dilution was made strongly 
alkaline with NaOH solution. The mixture was then shaken with a liberal 
volume of chloroform. An emulsion at onee formed which held in suspen- 
aon a copious amount of crystals. The collected crystals were alternately 
washed with chloroform and water. The solid consisted principally of a 
chloroform compound of germine, mixed with an appreciable amount of 
rubijervine. The separation of these alkaloids, as well as the isolation of 
germine from the aqueous phase, will be given special consideration in 
Paper XYII. 

The chloroform phase contained in the above filtrate was concentrated 
and, after addition of 95 per cent alcohol, the mixture was again boiled 
down to remove all chloroform. On careful dilution, crystallization of 
needles rapidly occurred. The latter were collected with 70 per cent 
alcohol. The yield of this fraction from 1700 gm. of original viscous mother 
liquor was 28.1 gm. Further crystalline crops were obtained on dilution 
of the mother liquor, and consisted partly of rubijervine and other alka- 
loids, which will be investigated when the opportunity is obtained. 

The above 28.1 gm. of alkaloid were recrystallized from 500 cc. of 95 per 
cent alcohol. Kubijervine separated as needles which melted at 236- 
238° (uncorrected) On concentration of the mother liquor to 150 cc., 
a thick paste of larger, flat needles of isorubijervine formed. On being 
heated, most of the solid readily redissolved, but about 1 gm. of sparingly 
soluble needles remained, which were collected. This proved to be addi- 
tional rubijervine. The filtrate on cooling crystallized and gave isorubi- 
jervine, as described below. 

After recrystaUization from alcohol, rubijervine formed needles which 
melted at 240-242° (uncorrected). 

[oId = +19.0° (c = I.OO in ethanol) 

For analysis, the alkaloid which contained solvent was dried at 120° 
and 2 mm. 

C„H«OjN. Calculated. C 78.38, H 10.49 
Found, (a) “ 78.21, “ 10.43 
“ (6) " 78.27, •' 10,56 

“ (c) " 78.29, 10.55 


• Uncorrcctcd melting points were taken in the usual manner, but not corrected 
for stem exposure. The others are corrected micro melting points. 
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In cnir previous dc.sci'iption of ilic i.solnf ion of pi-otovcrati'ine (0), it wits 
incntioiu'd tliat, during (Iir rocxtraction of Iho crude alkaloid mixture 
with honzone, a “small amount, of sparingly soluble alkaloid material 
(protoveratridine) i-emained suspended in the aqueous plia.sc.” It has 
since been found that, this fi'action, which had accumidatcd from the grad- 
ual working up of 22-1 kilos of hellebore root, consisted largely of inorganic 
salts. This material was rccxtractcd with 10 per cent acetic acid, filtered, 
and the filtrate made alkaline with NaOII. On attempted extraction with 
chloroform, a paste of needles was obtained. The latter proved to be 
rubijervine. By filtration and concentration of the chloroform phase, 
about 9 gm. of rubijervine were directly obtained, which melted at 210- 
241° (uncorrcctcd). 

Diacctylnihijcrvinc — 0.1 gm. of rubijervine was refluxed with 5 cc. of 
acetic anhydride for 2 hours. The acetic anhydride was removed under 
reduced prcs.sure, and the residue was dissolved in dilute IICl. Wien this 
solution was extracted with ether, onlj'- a small amount of substance was 
obtained. The aqueous phase was made alkaline and extracted with ether. 
The latter j'ielded a residue which crystallized from methyl alcohol. 50 
mg. of heavy parallelograms were obtained which, after rccrystallization, 
melted at 1C0-1G3°. 

CjiHrO^N. Calculated. C 7-I.SO, JI 9.50 

Found. “ 75.01, “ 9.C3; C 75.00, H 9.70 

Hydrohmnidc of Rubijervine — 0.1 gm. of rubijervine was dissolved in 
methyl alcohol to which an equivalent of HBr was added. After concen- 
tration and addition of acetone, delicate needles separated. 74ic melting 
l)oint, 205-270°, was not sharj). The pro])crtics were not changed upon 
reciystallization. 

C:7H«0:N-HBr. Calculated. C 05.55, H S.97 

Found. “ 65.51, “ 9.17; C 65.30, H 9.22 

Hydnodide of Rubijervine — 0.2 gm. of rubijervine was dissolved in a small 
volume of methjd alcohol by the addition of a slight excess of colorless HI. 
Upon cautious addition of ether, the salt crystallized in well formed rosettes 
of needles which melted after previous sintering at 293-296°. 

C'zrHijOiN-HI. Calculated. C 59.80, H S.I9 

Found. “ 59.93, “ 8.0S; C 59.72, H 8.22 

Dehydrogenation of Rubijennne — K mixture of 12 gm. of rubijervine and 
30 gm. of selenium was heated in an atmosphere of nitrogen in a bath kept 
at 340° for 2 hours. The oily distillate which collected in the receiver was 
treated Avith ether and the mixture was extracted with a slight excess of 
1:1 'HCl in the cold. The ether, which presumably contained a neutral 
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fraction, was set aside. The acid layer when treated with excess KOH 
solution yielded an oil which was taken up in a small volume of ether. 
The alkaline aqueous phase gave no e^ddence of the presence of phenolic 
products. The ether solution of bases was dried over KsCOs and fraction- 
ated in a 21 cm. micro fractionating column, as recorded in Table I. The 
ether was first removed before the recorded fractionation began. Each 
fraction amounted approximately to 115 mg. 

The boiling points of all but the last fraction were in agreement with 
that for the eth 3 ’’tmethylpj’Tidine from cevine (4) and the analytical data 
were in close approximation with those calculated for CsHuN ; viz., C 79.27, 
H 9.15. A small portion of Fraction 5 was dissolved in ether and converted 
into the picrate. Upon recrj'stallization from acetone, well formed plates 

Table I 


FTaclionaiion of Volatile Bases 


Ftaciion No. 

Bath 

temperature 

Calumn 

temperature 

Pressure 

Micro b.p. 

Analysts 

C 

H 


•c. 

•c. 

fnm. 

•c. 

per etnl 

per cent 

I 

95 

74 

40 

171 



2 

93 

74 

40 

171 

78. 85 

8.92 

3 

95 

74 

40 

170 



4 

95 

74 

40 

171 



5 

95 

74 

40 




6 

95 

74 

40 




7 

95 

74 

40 




8 

95 

74 

40 




9 

95 

74 

40 




10 

95 

85 

32 

167 



11 

97 

85 

25 

173 

78.58 

9.08 

12 

97 

85 

3 

181 

79.53 

9.30 


were obtained which melted at 143-144°. A mixed melting point with 
ethj’lmethj’lpj’ridine picrate from cevine showed no depression. 

CjH„\-C,H, 07 N:. Calculated, C 47.98, H 4.03; found, C 48.08, H 3.66 

When the above ether which remained after extraction with HCI was 
examined, it was found to consist almost entirelj' of the same base which 
had apparentl 3 ' escaped extraction b 3 ' the acid because of its weakly basic 
properties. 

The residue which remained in the deh 3 'drogenation flask was pulverized 
and thoroughl 3 ’ extracted with ether. The ether extract was shaken with 
10 per cent HCI. The aqueous la 3 'er which contained precipitated tar and 
slightly soluble h 3 'drochlorides was set aside to be treated as described 
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below. Tlie ether laj^cr was then cxtraclcd with dilute NaOII solution. 
The latter proved to have removed but a vciy slight phenolic fraction. 
The ether laj'er was dried over KiCOj and when evaporated to drj'ness 
yielded 3.6 gm. of residue. This was dissolved in benzene and chromato- 
graphed through 80 gm. of Brockmnnn’s alumina. 2,05 gm. of material 
passed readily through the column with benzene. Tliis proved to ho 
mainly a hydrocarbon fraction, the fractionation of which is described 
below. Approximately 0.3 gm. of material was then removed from the 
column with ether. Nothing has been accomplished thus far with the 
material of this fraction. 

A final fraction which contained 1.08 gm. was eluted with methyl alcohol. 
This fraction was sublimed in an apparatus under 0.2 mm. pressure. All 
was collected which distilled up to a temperature of 200° of the oil bath. 
0.8 gm. of sublimate was obtained which appeared to be mostlj’ crystalline 
and after recrystallization from benzene yielded 0.35 gm. of well formed 
needles. After two recrystallizations, the substance melted at 130-138°. 

CisHitO. Cnlculnfcd. C S7.05, 11 0.50 

Fouiul. " 80.89, “ O.-t"; C 87.10, 11 0.80 

This substance was unquestionably of phenolic nature, since it dissolved 
in warm dilute alkali and the resulting solution coupled with diazotized 
sulfanilic acid to give a purple-red solution. 

The above h 3 "drocarbon fraction was .sublimed under 0.2 mm. pressure. 
1.82 gm. of material distilled up to a temperature of 200°. Tlie distillate 
was dissolved in ether and then treated with a little bone-black to remove 
colloidal selenium. The filtrate was concentrated and placed in a 21 cm. 
micro fractionating column under 0.25 mm. pressure. The fractionation 
was carried out as given in Table II. 

Fraction 7 contained a small amount of oil^y material, but the crj^stals 
did not entirely melt until a temperature of 70° had been reached. It gave 
analytical data in agreement with a CisHic hydrocarbon. Upon recrj’stal- 
lization from isopentane, it crystallized in square plates which melted at 
73-76°. After a second reciystallization, it melted at 74-76°, and was 
unchanged on further reciystallization. 

CisH.e. Calculated, C 93.05, H C.95; found, C 93.13, H 7.03 

All the ensuing fractions up to Fraction 10 appeared to consist princi- 
pally of the same hji-drocarbon. 

The hj'drocarbon was treated with the calculated amount of picric acid 
in acetone and chilled at 0°. Long, well formed needles of the picrate were 
obtained which molted at 131-132°, and did not change upon recrj^stal- 
lization. 
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C.sH,,-Cai.O;N,. Calculated, C 62.45, H 4.15; found, C 62.68, H 4.05 

The hydrocarbon ivas treated with the calculated amount of 1, 3, 5- 
trinitrobenzene in acetone. Rosettes of well formed needles of the addi- 
tion compound were obtained which melted at 144-145°. The melting 
point was not changed by recrystallization. 

Calculated, C 64.69, H 4.30; found, C 64.86, H 4.23 

Isoruhijemne — In the above description of the isolation of rubijervine, 
mention was made of the mixture of crystals which was heated to dissolve 
the more soluble isorubijervine before filtration to collect an additional 
1 gm. of rubijervine. The filtrate on cooling rapidly set to a mass of 
needles. After collection with alcohol, 9.2 gm. of the new alkaloid fraction 


Table II 

Fraclionation of Hydrocarbons 


Fraction 

No. 

Bath 

tempera* 

ture 

Column 

tempera* 

ture 

Weight 

(approxi- 

mate) 

Character and m.p. 

Analysis 

C 

H 


•c. 

'C. 


X. 

t'er cent 

Per cent 

1 

186 

112 

60 

Oil 



2 

195 

130 

70 

<( 

89.77 

10.10 

3 

198 

140 

70 




4 

200 

140 

130 

(( 

90.20 

9.69 

5 

202 

145 

130 


90.74 

9.45 

6 

204 

152 

130 

Partly crystalline 

92.04 

7.83 

7 

204 

168 

130 

Below 70 

93.15 

7.06 

8 

204 

172 

230 

65-75 



9 

204 

172 

130 

58-72 

93.19 

7.14 

10 

220 

185 

200 

58-72 



11 

250 

230 


Partly crystalline 



12 

250 



Oil 




were obtained. Concentration of the mother liquor yielded an additional 
5.5 gm. As so obtained, the material melted at 207-210° (uncorrected) 
after preliminary softening. On recrystallization, it was found that the 
tendency of this substance to crystallize in different forms somewhat com- 
plicated the picture. When allowed to stand in contact with the mother 
liquor, there occurred a gradual partial transformation of the needles into 
heavy, well formed prisms. When the mixture was heated, the remaining 
needles dissolved more rapidly. The prisms could then be readily col- 
lected. These were found to melt at 235-237° (uncorrected) after pre- 
liminary softening, and did not contain solvent. 

(“Id = -f 6.5° (c = 0.97 in absolute ethanol) 

CnH„0,N. Calculated, C 78.38, H 10.49; found, C 78.47, H 10.34 
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The above form was dissolved in liot 95 per cent nlcoliol and boiled down 
to smaller volume. Wlien rapidly chilled, a paste of needles formed, which 
was collected. The alkaloid now melted at 215-217° (uncorrccted) and 
contained solvent. 

For analysis, it wa.s dried at 120° and 2 mm. The loss in weight was 
10.04 per cent. 

C-jHoO.N. Cnlculntcd, C 78.3S, H 10.40; foiind, C 78.72, II 10.28 

The hydrobromidc of isorubijervine er 3 'stallizcd from alcohol-ether as 
delicate needles which sintered above 275° and gradunllj' softened to a 
resin at 290-295° (uncorrccted). 

Cs7H,30jN-H]lr. Calculfttcd, C 05.55, II 8.07; found, C 05.09, 11 S.S7 

All analj'ses were pcrfoi-mcd bj' Mr. T). Itigakos. 
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THE VERATRINE ALICALOIDS 
XVI. THE FORMULATION OF JERVINE 
By WALTER A. JACOBS anp LYAUN C. CRAIG 
(From the Laboratories of The Roehefeller Institute for Medical Research, New York) 
(Received for publication, January 13, 1943) 

Although the original formula, CjcHjrOjN, derived by Wright and Luff 
(1) for jervine appeared to have been substantiated by Salzberger (2) and 
more recently by Saito, Suginome, and Takaoka (3), as well as by Poethke 
(4), the analytical results now obtained in this laboratory with the base, 
its hydrochloride, and hydriodide are in better agreement with the formula- 
tion CirHjaOjN. This conclusion is definitclj- supported, as shown in 
Table I, by the analytical results which we have also obtained with a num- 
ber of jervine derivatives first described bj’ Saito, Suginome, and Takaoka; 
viz., N-acetyljervine, CaaHiiOiN, diacetj'ljcr\'inc, CjihLsOaX, nitrosojervine, 
CjtHjsOiNs, and tetrahydrojendne, C27H43O3N. We have prepared the 
latter not only by catalytic hydrogenation, which wc have found to give 
rise to a mixture of isomers, but also by reduction with sodium and butyl 
alcohol, which appeared to produce mainly a different isomeric substance. 

From the formation of a diacyl derivative which iiu’olves a secondary 
N atom and an OH group, and also from the results of the active hydrogen 
determination, Saito et al. assumed that the remaining 2 o.xygen atoms of 
jendne are contained in a methylenedioxy grouping. Poethke obtained 
similar results with the active H determination and confirmed the produc- 
tion of diacyl derivatives, as well as a neutral nitroso derivative. How- 
ever, he gave evidence against the presence of a methylenedioxj’' group. 
We have since found that, although the Zerewitinoff determination carried 
out at ordinary temperatures indicates the presence of 2 active H atoms, 
at 95 a total of 4 moles of CHi is liberated. Similar results have been 
obtained with the tetrahj^drojer vines prepared by both methods. It maj^ 
be concluded, therefore, that the remaining 2 oxygen atoms of jervdne are 
contained in two additional, slowly reacting OH (or enolized CO?) groups. 
The attempt to prepare an acetonyl derivative of the alkaloid was un- 
successful. 

Pseudojervine, to which Wright and Luff (1) assigned the formulation 
CssRjOtN, which was confirmed by Salzberger (2), has been revised by 
Poethke (4) to CsjHisOsN on the basis of titration of the base. Tliis 
worker also demonstrated its secondarj' basic character by the preparation 
of nitrosopseudojervine. Since 5 active H atoms were found to be present, 
one of which is contained in an NH group, it appeared probable that it 
must contain four hydroxyl groups. Unfortunately, we have not suc- 
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ceeded thus far in isolating pscudojervinc from the available crude drug 
to recheck the ZercwitinofT determination, as carried out by us in the case 
of jervine. If, as appears probable, six hydroxyl groups should be found, 
it would also bo of interest to check its behavior toward acids. Tlie sug- 
gestion has occurred to us that p.scudojcr\'inc with the Poethke formulation 
of CsaHigOsN could be a hexoside of jervine with the revised formulation 
CsjHagOsN. Our recent obscr\'ations with solanidine (5) have afforded 
evidence of a relationship to the vcratrinc alkaloids. The potato alkaloids 
occur as glycosides and thus offer a direct analog}' to the suggested char- 
acter of pseudojendne. 


Tajile 1 


Jcri’inc and Derivatives 


Substance 

Calculatct 

on basis of 

Found 

c.,n>,o,N 

C:iU.K).N 

c 

H 

c 

H 

C 

H 

Jervine 

76.18 

9.24 

75.86 

9.07 

76.36 

9.0S 






76.12 

9.21 

" hydrochloride 

70.16 

8.73 

69.68 

8.55 

70.41 

8.9S 






70.13 

8.71 

“ h}’driodidc 

58.57 

7.29 

57.86 

7.10 

58.80 

7.47 






58.74 

7.57 

Tetrahydrojervine (Na reduction) 

75.46 

10.10 

75.12 

9.95 

75.42 

9.76 






75.69 

10.23 

" (catalytic) 

75.46 

10.10 

75.12 

9.95 

74.96 

9.76 






75.16 

9.93 






75.37 

9.89 

Nitroso jervine 

71.32 

8.43 

70.86 

8.24 

71.41 

8.32 






71.15 

8.66 

N-Acetyljervinc 

74.47 

8.84 

74.12 

8.67 

74.46 

8.74 






74.41 

8.78 

Diacetyljervine 

73.03 

8.51 

72.68 

8.34 

73.14 

8.47 






73.43 

8.74 


EXPERIMENTAL 

Jervine — The reciystallized alkaloid employed for the following work 
melted at 237-238° (uncorrected)* after preliminary softening and gave a 
rotation of 

Wd = —147® (c = 1.04 in ethanol) 

C^HjsOjN. Calculated. C 76.18, H 9.24, N 3.29 
Found, (a) » 76.02, “ 9.34, “ 3.46 
" (6) » 76.30, “ 9.25 


* The uncorreoted melting points were taken in the usual manner, but not corrected 
for stem e.vposure. The others are corrected micro melting points. 
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The Tschugaeff-Zerewitinoff determination was as follows: 15.065 mg. 
of substance gave 1,57 cc. of CH^ at 24° (741.5 mm.) and 3.26 cc. at 90° 
(741.5 mm.). Found, H 0.42 at 24° and 0.87 at 90°; calculated for 4H, 
0.95, 

The hydrochloride obtained from the base in methyl alcoholic solution 
separated as heavj' parallelograms which, during the micro melting point 
determination, changed to needles at 280° and melted with decomposition 
at 330-334°. 


CitHhO,N-HCI. Calculated. C 70.16, H 8.73 
Found, (a) “ 70.41, “ 8.98 

“ (6) “ 70.13, “ 8.71 

The hydriodide was obtained from methjd alcoholic solution as rosettes 
of blades which melted at 302-305°. 

CnHjiOjN -HI. Calculated. C 58.57, H 7.29 
Found, (a) " 5S.80, “ 7.47 

“ (6) “ 57.74, '■ 7.57 

The alkaloid itself, recovered from the recrj’stallized hydriodide, after 
recrj'stallization from acetone, melted at 244-246°. 

Found, C 76.36, H 9.08; C 76,12, H 9.21 

Telrahydrojervine — solution of 0,2 gm. of jervine in 20 cc. of butanol 
was heated to boiling and then, after addition of 1 gm. of sodium, vigor- 
ously shaken. After completion of the reaction, the mixture was diluted 
nith water and the butanol removed under reduced pressure. The reaction 
product was extracted with hot benzene. The latter, after diy'ing and 
concentration to about 20 cc., jdelded the readilj’ crj'stallizing tetrahj'dro 
derivative as needles which melted at 227-229°. 

CnHiiOjN. Calculated. C 75.46, H 10.10 
Found, (a) “ 75.42, " 9.76 

(6) 75.69, “ 10.23 

8.642 mg. of substance gave 1.45 cc. of CH< at 27° (743.5 mm.) and 2.22 
cc. at 95° (743.5 mm.). Found, H 0.73 at 27° and 1.03 at 95°; calculated 
for 4H, 0.94. 

This substance did not appear to jdeld a sparingly' soluble sulfate. 

0.15 gm. of jervine was hydrogenated in acetic acid solution with 50 mg. 
of platinum oxide catalyst, 2 moles of H- were absorbed by the substance 
in 3 to 5 hours. After removal of the solvent and solution of the residue in 
water, the base was liberated with alkali and e.xtracted with chloroform 
The residue from the latter gradually crystallized from acetone in small 
amount. By careful manipulation, 15 mg. of a sparingly soluble fraction 
were obtained which, after recrj-stallization bj’ concentration of its solution 
m warm acetone, formed highly refracting, often six-sided or rhombic 



54 


VKKATUINK AUvALOIDS. XVI 


shaped platelets which melted at 228-232® (vincorrcctcd). Found, C 74.90, 
H 9.76. 

This substance gave a sparingly' soluble sulfate. 

On further manipulation of the main mother liquor, a copious second 
fraction, apparcntl.y of an i.somcr, wa.s obtained from acetone as four-sided 
micro platelets, which melted at 210-212® (uncorrected) after prcliminarj’ 
softening. The mother liquor yielded an additional .small fraction of the 
same substance. 

Found, (rt) C 75.10, H 9.93; (6) G 75.37, II 9.89 

9.195 mg. of substance gave l.OS cc. of CH* at 26° (735.5 mm.) and 2.25 
cc. at 90° (735.5 mm.). Found, H 0.468 at 26° and 0.974 at 90°; calcu- 
lated for 4H, 0.94. 

Like the higher melting form, this substance yielded a sparingly soluble 
sulfate which crystallized as thin micro leaflet.s. It also formed a nitroso 
derivative, which crystallized as micro needles on addition of sodium ni- 
trite to the solution in dilute acetic acid. 

Nitrosojcrvinc — This was prepared b3’’ the addition of dilute sodium ni- 
trite solution to the alkaloid dissolved in dilute acetic acid. After re- 
crystallization from alcohol, it formed delicate needles which melted with 
decomposition at 250-253° (uncorrected). 

C,7lI„0,N:. Calculated. C 71.32, H 8.13 
Found, (a) “ 71.41, '' 8.32 

“ (5) “ 71.15, “ S.CO 

N-Acctijljervmc — A solution of the alkaloid in acetic anh.vdride prepared 
at room temperature was diluted with water after 1 hour. The neutral 
acetyl derivative formed glistening prisms from ether, which gradually 
sintered above 210° and melted at 224-225® (uncorrected). 

Cj 9 H<i 04 N. Calculated. C 74.47, H 8.84 
Found, (a) “ 74.46, “ 8.74 

(6) '• 74.41, “ 8.78 

Diacctyljervinc — A solution of the alkaloid in acetic anhy'dride tvas boiled 
for several hours. The reaction product obtained after concentration to 
dryness crystallized as rosettes of needles or platelets from dilute alcohol, 
which melted at 162-164° (uncorrected). The melting point depended 
upon the conditions of crystallization since, when recrystallized again from 
dilute acetone, the substance now melted at 147-153° (uncorrected). From 
methyl alcohol, it formed columns which gradually melted at 154-103°. 

CjiHhOsN. Calculated. C 73.03, H 8.51 
Found, (a) " 73.14, '* 8.47 

“ (6) » 73.43, “ 8.74 
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Microanalyses and active H determinations were performed by Mr. 
D. Rigakos. 
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THE ATERATRINE ALKALOIDS 

XVII. ON GERMINE. ITS FORMULATION AND DEGRADATION 

By LYAIAN C. CRAIG and WALTER A. JACOBS 
(From the Laboratories of The Rockefeller Institute for Medical Research, New York) 

(Received for publication, January 13, 1943) 

In recent systematic studies on the isolation, identification, and formula- 
tions of the alkaloids of Veratrum album, Poethke (1) isolated a new al- 
kaloid, germerine, for which the formulation CsbHstOiiN was derived. 
This alkaloid was shown to be the diacyl ester of an alkamine, genuine, 
CssHiiOsN, with optically active methylethylacetic and methylethyl- 
glycolic acids. At the same time, the protoveratridine of Salzberger (2) 
was shown, contrary to the interpretation of this worker, not to be directly 
related to protoveratrine, but to be a partial saponification product of 
germerine. Protoveratridine is methylethylacetylgermine produced by 
the removal of methylethylglycolic acid from germerine. At the same 
time, Poethke discussed certain analogies in properties and in the data 
on hand between the two alkamines, germine and cevine, which strongly 
suggested their close chemical relationship. Besides certain differences, 
however, in physical properties, there appeared to be a difference in formu- 
lations. Cevine is (DjiHmOsN, whereas the formulation CjsHiiOgN was 
derived for germine both on the basis of its analj'sis and those of the 
parent alkaloid, germerine, and its salts. 

As our own work has progressed, it has become increasingly apparent 
that there can be no question of a structural relationship among the 
various veratrine alkaloids, and that the whole problem of the determina- 
tion of structure may be mutually facilitated by contributions made by the 
study of the individual alkaloids. We have, therefore, turned to the 
germine of Poethke, to see how far the analogy with cerdne could be ex- 
tended. 

In the course of our separation (3) of the individual alkaloids from the 
crude alkaloid fraction from Veratrum album, we have found that the 
mother liquor which remained after removal of all directly crj-stallizing 
alkaloids contained a large amorphous fraction. On saponification of 
this fraction, it was found a simple matter to obtain in good yield the 
alkamine germine because of the very’ sparing solubility of its chloroform 
compound. An appreciable amount of rubijervine was carried down in 
this fraction and could be separated easilj' from germine by recrystallization 
from methanol. Germine, as reported by Poethke, crystallizes with 2 
moles of methanol. Our analyses of the base were always somewhat on 
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the high side in C for the formulntion C;<in4i08N, although also somewhat 
low for the homologous formula CstHoObN. However, it was found that 
germine readily condensed with acetone under the influence of HCl to 
form the crystalline salt of a monoacctonyl derivative; viz., (he hydrochloride 
of acctonylgcrminc. The base obtained from the salt also crj’stallizcd 
readily. Analj'sis of the salt and of the base gave figures which were in 
much better agreement with the formulntion CjolIcOsN, based on that for 
germine of than with that based on the older formula CiJdxiOsN. 

This was supported by the analysis of an isogcrminc = — 4 G. 5 ° in 

ethanol), which we encountered in the mother liquors of germine. 

In view of these re.sults and also of recent experience which has caused 
us to reA’ise the formulations of jervine ( 4 ) and rubijervine ( 5 ) to C27H39O3N 
and C27H43O2N respectivelj', we conclude that germine is isomeric with 
cevine, C27H43OSN. Unlike cevine, germine yields a cr3’stalline acetonjd 
derivative. The production of .such a derivative indicates that germine 
must contain two hj'droxyl groujis which arc vicinal or removed bj' only 1 
carbon atom, ns in hcdcragcnin (6). The failure of cevine to yield such a 
derivative may bo due either to the absence of neighboring In'droxyl groups 
or to a trans configuration. 

The results of active H determinations on both germine and cevine have 
been in fair agreement with the presence in each of eight lu'droxjd groups. 
In accord with this, acetonylgormine was found to contain G active H atoms 
or six hydroxyl groups. Those results are not in accord with the experience 
of Poethke, who could ascertain onlj' 6 active 11 atoms in germine, or with 
that of Freund and Schwarz ( 7 ), who much earlier reported onl}' 0 active 
H atoms in cevine. However, the inconsistencies between the results 
obtained by these workers with the alkamines, the acylated alkamines, 
and the original alkaloids make somewhat doubtful the validitj’ of their 
results. 

Since the oxj'^gen atoms of both germine and cevine appear to be con- 
tained onlj*^ in hj'droxjd groups, the hj’^drocarbon of reference is C 27 H 42 , 
which differs from a straight chain h3'drocarbon b3’’ seven rings or double 
bonds. In the case of cevine, a double bond (or CO group?) has been 
indicated b3’' its behavior on h3’’drogenation with Rane3'’s nickel catah'st, 
as already reported by us (8). We have not as 3’-et had opportunity to 
study the V>ehavior of germine in this regard. However, it appears prob- 
able that both cevine and germine possess hexac3''clic ring structures. 

Our study of the degradation of germine has shoAvn a further close 
analogy Avith our experience Avith cevine. On deh 3 ’'drogenation AA'ith 
selenium, the main volatile basic product has been found to be 2-eth3'l-5- 
meth 3 dp 3 'ridine, as in the case of the other \mratrine alkaloids (3, 9). 
From the A'olatile hydrocarbon fraction, a small amount of a h 3 ^drocarbon 
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was obtained, analj'-sis of which suggested the fonnulation CisHu. This, 
however, can be only a tentative interpretation. On the other hand, from 
the undistilled dehydrogenation mixture, both cevanthridine and cevan- 
throl first obtained by Blount (10) from cevine were definitely isolated in 
appreciable amounts. 

Finally, on oxidation of germine with chromic acid, the hexanetetra- 
carboxylic acid first obtained by us from cevine (11) was also isolated in 
appreciable amounts as the tetramethyl ester. No indication, however, 
was obtained of the production of the precursor of decevinic acid. This is 
perhaps best interpreted as due to different positions occupied by one or 
more of the hydroxjd groups in the two alkamines. 

EXPERIMENTAL 

In the previous paper on rubijervine (5), a chloroform compound of 
germine was mentioned which w’as stated to cariy- with it appreciable 
amounts of rubijervine. This fraction at once crj'stallized when the 
saponification mixture from 750 gm. of crude non-ciystalline alkaloid 
syrup was shaken with chloroform. The amount of cr 3 'Stalline solid col- 
lected was 134 gm. The chloroform phase of the filtrate became the 
source of rubijeivine and isorubijeridne, as already recorded. The chloro- 
form extraction of the alkaline aqueous phase was then continued with 
100 cc. portions of chloroform. Since extracted material was persistently 
removed, it became necessarj- to repeat the extraction roughly 100 times. 
At inten'als, twenty such extracts were combined, dried over K-COa, and 
concentrated to about 150 cc. At this point, additional germine-chloro- 
fonh 'Compound crj'stallized, which amounted from all extracts to 13 gm. 
Following preliminarj’^ studies to determine its identity, this fraction was 
joined with the main fraction of 134 gm. for recrj'stallization. This was 
accomplished bj' solution in 2 liteis of hot methanol to which 16 cc. of 
acetic acid had been added. The filtered solution was boiled down to 
about 1 liter and treated with 20 cc. of ammonia (0.9). Germine rapidly 
crj-.stallized as heavy prisms which contained solvent. About 85 gm. were 
directly obtained. 

For analy.sis, the substance was dried at 1 10° and 2 mm. 

Calculated. C bS.Cl, H 8.51 
C.,H„OsX. “ “ 62.99, “ 8.34 

Found, (a) " 63.04, " 8.57 

“ (6) " 63.23, '■ 8.49 

Aside from the interpretation of the analytical data and the active H 
determination given below, the data obtained were essentially a confirma- 
tion of the experience of Poethke. 
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A portion was rcciystallizccl b}-- solution in a largo volume of boiling 
methanol, followed bj’- concentration to smaller volume. Tlio base sepa- 
rated as beautifulb' formed prisms, which gradually softened to a slowly 
effervescing resin about 163-173°, and melted finally on higher heating 
to about 220°. 

[orlli = -f5.0° (c = 1.03 in 05 per cent ctlmnol) 

For analysis, the substance was dried at 1 10° and 2 mm. 

C.,H«0,N -2011.011. C.niciiinted, CH.OII 11.17; found, 10.50 

Anhydrous Substance — Cj.H.jOjN. Calcuintcd. 0 0.3.01, II S.51 

Found. '' 03..32, " 8.93 

“ " 03.15, “ S.CS 

The Tsehugaeff-Zerewitinoff determination was ns follows on dried sub- 
stance: 3.690 mg. of substance gave l.dO cc. of CIT« (27°, 736 mm.); no 
change at 95°. Found, li 1.57; calculated for 8IT, 1.5S, 7H, 1.3S. 3.720 
mg. of substance gave 1.38 cc. of CHt (25°, 7-13 mm.); no change at 95°. 
Found, H 1.48. 

For comparison, the following determination was made on cevine, which 
was dried at 110° and 2 mm. 2.920 mg. of substance gave 1.00 cc. of CHt 
(25°, 743 mm.); no change at 95°. Found, H 1.47; calculated for 8H, 
1.58, 7H, 1.38. 

Isogerminc — The chloroform mother liquor from the fraction of 13 gra. 
of gerinine described above was concentrated in vacuo to remove all chloro- 
form. This was facilitated bj' the use of 95 per cent alcohol. Tlie result- 
ing resin (some weeks later) was redissoh'ed in a small volume of 
chloroform, when copious ciystallization occurred. The collected cr 3 'stals, 
which amounted to 2.6 gm., graduallj’’ melted at 250-252° (uncorrected)* 
after preliminary sintering. The material was found to contain chloroform 
of crystallization. It was therefore redissolved in hot methanol and con- 
centrated to about 15 cc., when a copious separation of needles occurred. 
After collection with solvent, it darkened above 245°, and then gradually 
sintered above 250°, but was not completely melted until 260° was reached. 

[«dI = —40.5'’ (c = 1.01 in ethanol) 

The substance was practicallj’- without solvent. 

C-jHoOsN. Calculated, C 03.61, H 8.51; found, C 63.48, H 8.46 

Wlien the methanol mother liquor of the above fraction of 85 gm. of 
geimine tvas concentrated to about 250 cc., it remained clear, since the 
dissolved material consisted essentially of acetates. On addition of am- 

“ Uncorrccted melting points were taken in the usual manner, but not corrected 
for stem exposure. The others are corrected micro melting points. 
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monia sparingly soluble needles rapidly separated, whlcb proved to be 
rubijer^’ine in a jdeld of about 4 gm. (m.p. 240-242°) (uncorrected). As 
directly obtained, the analysis was as follows: 

CnH«OjN. Calculated, C 78.38, H 10.49; found, C 77.91, H 10.55 
Acetonylgermine — 0.15 gm. of germine was dissolved in a small volume 
of absolute alcohol by the addition of sufBcient strong HCl to turn Congo 
red. After concentration to small volume, a few cc. of dry acetone were 
added. On rubbing, a mass of needles soon separated. After collection 
with acetone, the acetonyl derivath'e was recrj'stallized bj-^ solution in a 
.small volume of methanol followed by addition of acetone. It separated 
as hexagonal or rhombic platelets, which began to discolor and gradually 
.shrink above 255° to a resin which melted with decomposition at 275° 
(uncorrected). 

CsoHiTOdSi-HCl. Calculated. C 61.45, H 8.26, Cl 6.05 

Cs,H«0,N-HCl. " “ 60.86, “ 8.11, “ 6.20 

Found. •' 61.74, “ 8.52, “ 5.92 

“ 61.28, " 8.65 

The hydrochloride was dissolved in water and after precipitation with 
excess NajCOa solution, the free base was extracted with a necessarily 
large volume of benzene. The benzene solution on concentration to 
.small volume jdelded needles or long platelets of the base, which melted 
gradually at 235-239° (uncorrected) with decomposition after preliminary 
softening and discoloration. 

C,,H< 70 sN. Calculated. C 65.53, H 8.62 
Cj,H„0,N. " “ 65.00, “ 8.47 

Found, (a) “ 65.78, “ 8.63 

“ (6) " 65.84, " 8.62 

4.180 mg. of substance gave 1.0 cc. of CH< (27°, 736 mm.); at 95°, 1.10 
cc. Found, H 0.95 and 1.04 respectively; calculated for 6H, 1.1. 3.65 
mg. of substance gave 0.94 cc. of CHj (25°, 743 mm.); no change at 95°. 
Found, H 1.04. 


Oxidation of Germine 

A solution of 10 gm. of germine in a mixture of 100 cc. of HjSO^ and 400 
cc. of water was treated gradually with 38.2 gm. of CrOj. The temperature 
was not allowed to rise until all the CrOj had been added. The mixture 
was then heated at 90° for 2 hours, after which CrOa still persisted. After 
the mixture was cooled, the excess reagent was reduced with hydrazine 
hydrate and the solution was continuously extracted vith other untO all 
extractable acid had been removed. The ether extract was dried and 
esteiified with diazomethane. After removal of solvent, the residual oil 
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was distilled in a sublimation ajjparatiis under reduced pressure. 3.3 gm., 
or practically all, distilled up (o an oil bath temperature of 170° under 0.2 
mm. pressure. The distillate was then fractionated in a micro fractionat- 
ing column 21 cm. in length, according to the data recorded in Table I. 
The pressure during the distillation was appro.ximatelj' 0.25 mm. 

Hcxanclclracarhoxylic Tclmmethyl Ester — Tim analytical data obtained 
with Fractions 2, 3, 10, and 15 all approached the requirements of the 

TAni.r. 1 


Fraclionalion of Esters 


Fraction 

No. 

Bath 

tempera- 

turc 

Column 

tempera- 

ture 

Weight 

(approxi- 

mate) 

Physical appearance 

Analyst* 

c 

I! 

OCff, 


'C. 

HQH 



{•rr cent 

Per cent 

per cent 

1 

170 



Oil 




2 

185 

BrS 


« 

52.10 


38.57 

3 

178 




52.00 


37.15 

4 

180 


50 

(t 




5 

180 


120 

i< 




6 

ISO 

140 

120 

Semiliquid 




7 

180 

140 

120 

CryslnlliiiD 




8 

180 

140 

120 

tl 




9 

180 

140 

120 

<< 




10 

ISO 

140 

120 

4f 

.52.92 

7.02 


n 

180 

140 

120 

<4 




12 

180 

140 

120 

(1 




13 

180 

140 

120 

(< 




14 

185 

145 

120 

<( 




15 

190 

145 

120 

(1 

52.92 

7.03 

38.61 

16 

200 

150 

120 

Semiliquid 




17 

230 

200 

120 

Resin 




18 

240 

225 

120 


52.10 

6.02 



tetraraethyl ester of the hexane tetracarboxylic acid obtained from ce\’ine 
(9); viz., 

CnHjjOj. Calculated. C 52.80, H 6.97, OCH, 39.07 

Of these fractions. No. 15 possessed the sharpest melting point. It 
melted at 63-64°, and the rotation was [a]n® = -1-21° (c = 1.72 in metha- 
nol). The melting point was not appreciably changed by recrystallization. 
These properties are in good agreement with those observed with the 
substance from cevine. A mLxed melting point showed no depression. 

Fraction 18 superficially exhibited the properties of the ester of the 
precursor of decevinic acid, viz. CitHjiOs, but the analytical data were 
quite far removed from those of this substance (CnHsiOs, calculated. 
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C 57.27, H 6.79). However, as a control it was hydrolyzed with excess 
alkali and the acid obtained subjected to pyrolysis at 180°. No decevinic 
acid could be isolated from the mixture. 

Dehydrogenalion of Germine 

Volatile Bases — A. mixture of 20 gm. of germine and 60 gm. of selenium 
was heated in a modified distillation flask, after the air was displaced by 
nitrogen, to a temperature of 340° for 2 hours. The distillate was treated 
with 2 cc. of concentrated HCl in the cold, and the mixture was extracted 
with ether. The ether extract was set aside. The acid la 3 ^er was made 
alkaline with KOH, and the liberated bases were extracted with ether. 
Examination of the alkaline laj’er gave no evidence of the presence of 
phenols. The ether extract was dried over KsCOs and fractionated. 
After the ether had been removed, fractionation Avas continued in a 22 cm. 


Table II 

Fractionation of Volatile Bases 


Fraction No, 

Bath 

temperature 

Column 

temperature 

Pressure 

Micro b.p. 

Analysis 

C 

M 


‘C. 

•c. 

mm. 

T. 

per cent 

per cent 

1 

107 

66 

50 

105 



2 

109 

68 

50 

149 

77.33 

8.65 

3 


71 

50 

168 



4 

111 

70 

46 

169 

78.6 

9.17 

5 


66 

32 

172 



6 


66 

20 

172 

78.31 

9.09 

7 


66 

14 

172 



8 


66 

8 

172 



9 




184 

76.58 

9.26 


micro fractionating column, as recorded in Table II. Each fraction 
amounted roughly to 70 mg. 

A portion of Fraction 1 was treated rvith double its rveight of picric acid 
in acetone. Stout, pointed needles were obtained rvhich melted at 145- 
149° and were practically indistinguishable from the /8-picoline picrate 
obtained from the dehj'drogenation of cevine. A mixed melting point 
showed no depression. 

C,H,N-C«H,0,N,. Calculated, C 44.70, H 3.13; found, C 45.25, H 3.10 

Fraction 4 had reached approximately the boiling point of 2-ethyl-5- 
methj’lpj'ridine and gave analj'tical data rvhich suggested this substance. 
(CsHijN, calculated, C 79.29, H 9.15.) A portion of the sample was 
treated with an equivalent of picric acid in acetone. Broad, thin leaves 
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were obtained wliich began to molt at 143°, and then resolidified almost 
complctol}'' and remelted at 150-151°, A mixed melting point of this 
picrate with the picrate of ethylmethylpyridinc from cevine showed no 
depression. 

CjII„N-C,lI,0,N,. Cnlculnlcd. C -17.98, 11 -1.08; found, C -18.19, H 3.92 

The boiling points and analytical data of the later fractions indicated 
the almost complete absence of oxygenated pj'ridinc.s among the deh 3 'dro- 
genation products. 

Hydrocarbon Fraction — The residue which remained in the dehydro- 
genation flask was finely powdered and cxhnustivelj' extracted with ether. 
The ether extracts were concentrated somewhat and extracted with 10 per 
cent HCl. Tlie tarr 3 ’- aqueous La 3 'cr, which contained the cevanthridine 
fraction, wms set aside to be treated as described below. The ether extract 
was dried over KiCOj and concentrated to dryness. 0.8 gm. of residue 
remained. This material was combined with the same fraction from 


Taule hi 

Fraclionalion of Hydrocarbons 


Fraction No. j 

Bath temperature 

Weicht Copprorlmalc) 


•c. 

nit. 

1 

170 

120 

2 

180 

145 

3 

190 

120 

4 

230 

100 

5 

250 

100 


another run of equal size and dissolved in 10 ce. of benzene. The solution 
was passed through a column of 30 gm. of Brockmann’s alumina, followed 
by additional benzene. The first 75 ce. of benzene which emerged con- 
tained 0.85 gm. of ly^drocarbons which cr 3 'stallizcd on cooling. After more 
benzene was passed through the column and then ether, the alumina was 
finally eluted with methanol. This last fraction contained the cevanthrol 
fraction and will be described below. The h 3 ''drocarbon fraction was 
distilled under 0.2 mm. pressure without the use of an efficient column, 
since the amount of material was inadequate. Thm fractions w'cre, how- 
ever, collected, as recorded in Table III. 

All of the fractions were more or less ciystalline, but the last three 
contained selenium. Fraction 2 was recr 3 'stallized from ether. 80 mg. 
of material were obtained which melted at 110-150°. After two further 
recrystallizations, the melting point rose to 160-167°. Anab'tical data and 
the molecular weight determination indicated a formulation of CjsHis- 
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Calculated. C 92.24, H 7.77 

Found. “ 92.37, " 7.56; C 92.23, H 7.49 

The molecular weight was determined by the Hast method. 

0.89 mg. Bubstance: 11.08 mg. camphor; A = 13.5° 

Mol. wt. found, 228.8; calculated, 234.1 

Cemnthrol — ^The cevanthrol fraction from above was sublimed under 
0.2 mm. pressure. 0.3 gm. of material sublimed up to a temperature of 
200°. After repeated recrystallization from benzene, 97 mg. of leaves were 
obteined which melted at 193-196° and showed no depression when mixed 
with cevanthrol from cevine. Its ciystalline form and properties appeared 
to be identical in all respects. 

C„H,eO. Calculated, C 86.39, H 6,83; found, C 86.22, H 6.63 

Cevanthridine — ^The tarry aqueous layer mentioned above, containing 
the cevanthridine fraction, was extracted with chloroform. This dissolved 
all tar, as well as the hydrochlondes of the bases. The aqueous layer was 
discarded. The chloroform extract was washed with dilute NaOH and 
dried over KjCOj. Upon evaporation, 2.6 gm. of residue were obtained. 
This was combined with the similar fraction from a second dehydrogenation 
experiment of the same size, and dissolved in about 50 cc. of benzene. 
The benzene solution was passed through ^50 gm. of Brockmann’s alumina 
and followed by fresh benzene. As soon as material began to emerge 
from the column, fractions of 50 cc. were collected. The first fraction 
contained 0.46 gm. of residue which did not crystallize. The second frac- 
tion contained 1.66 gm. which crystallized in large part but from which it 
was difficult to obtain sharply melting material upon repeated recrystal- 
lization. The third fraction yielded 0.7 gm. which ci^^stallized readily 
and on recrystallization from benzene gave pure cevanthridine which 
melted at 210-213°, A mixed melting point with an authentic sample 
obtained from cevine showed no depression. Its properties were identical 
in other respects. 

CisHiiN. Calculated. C 87.92, H 7,97 

Found. “ 87.87, " 8.02; C 87.69, H 7.81 

More material could be eluted from the column, but it has not been 
studied thus far. 

All analyses and active H determinations were made by Mr. D. Rigakos. 

Addendum — Since this paper was sent to press, we have obtained a crystalline 
alkamine on hydrolysis of the alkaloid protoveratrine. This alkamine, first isolated 
in amorphous form by Poethke (1) and called by him protoverine, was given the 
formulation CsiHiiOuIC. Our analytical results, however, fit best with a formulation 
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CijIIijOsN. Tlio presence of n clouhlc bond in prolovcrinc Jma been shown by re- 
duction to n dihydroprotovcrinc , CjjIIjsOjX. Sirnilnrly, Kcrminc hns been reduced 
to a dihydrogcrminc , CjiIIuOjN. These tertinry buses, like ccvinc nnd solanidinc, 
must therefore be hcxneyclic bases. 
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PHOSPHOROLYSIS AND SYNTHESIS OF SUCROSE WITH A 
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The recent discovery of the reversible phosphorolysis of polysaccharides 
by Cori and Cori (1, 2), Kiessling (3), and Hanes (4) has shed considerable 
light on the mechanism of synthesis of glycogen and starch in animal and 
plant tissues. On the other hand, very little is known about the mech- 
anism of sucrose formation in plants. It has been suggested previously 
(5-8) that phosphorjdated sugars may play a role in the synthesis of sucrose, 
but no direct evidence has been brought forth thus far in support of this 
view. Since invertase is widely distributed in plants, it has been held b 3 ' 
some investigators (5, 8) that this enzyme is responsible not onlj’’ for hj"- 
drolysis of sucrose, but also for its formation. This view, however, could 
not be substantiated (9, 10). It is of interest to point out in this connec- 
tion that attempts to synthesize sucrose by chemical methods have not 
met with success to date (11, 12). 

The occurrence of such an enzymic phosphorol 5 'sis in bacteria gives prom- 
ise of helping to explain not only the mechanism of sucrose synthesis, but 
also the so called “direct” utilization of disaccharides claimed to occur in 
some microorganisms (13, 14). 

EXPERIMENTAL 

The organism Pseudomonas saccharophila Doudorofif (15) was selected 
for the present studies. This organism exhibits the unusual ability of 
developing more rapidly with certain complex sugars than with mono- 
saccharides. Under certain conditions, it oxidizes such sugars as sucrose, 
trehalose, maltose, melibiose, and rafiinose at a much higher rate than the 
constituent hexoses. 

The bacteria were grown in a liquid medium containing m/30 KHjPOi- 
NajHPOi, Sorensen phosphate buffer at pH 6.64, 0.1 per cent NH<C1, 
0.05 per cent MgSOi, 0.005 per cent FeCL, 0.001 per cent CaCb, and 
0.3 per cent sucrose at 29° with constant agitation to provide ample aera- 
tion. Under such conditions, almost 50 per cent of the carbon content of 
sucrose is converted into cell material, the remainder being o.xidized to COj. 
Traces of reducing sugar appear in the medium, as well as occasional^' small 
amounts of pjTuvic acid, which disappears in the later stages of develop- 
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ment. Tiu' cells were barvcslotl l\v centrifnpation, washed twice with dis- 
tilled water, and dried at room temperature in vacuo over PsOj. 

For experimental puri)oses, preparations were made by grinding a suffi- 
cient amount of dry bacteria with wafer to result, after various further 
additions, in a final suspension containing 2 per cent of the dried cells by 
weight. Such suspen.sions were found to posse.ss a negligible cndogcncus 
respiration (5 to 12 e.mni. of 0; per 2 ec. per liotii') which was practically 
unaffected by the addition of .sugars ns suhslrntos or by treatment with 
fluoi'ide and iodoarefafe. An equally negligible production of acid (10 
to 15 c.mm. of (.’0> liberated from bicarbonate per 2 cc. per hour) was also 
observed both under aerobic and anaerobic conditions in the absence of 
.substrate. Sinct' the organi.sm is an obligate newhe, ineapaldc of ferment- 
ing sugars, it is not surprising that no fermentation of sucrose or glucose 
could be detected with the dry cell i)re})arations. 

Phosphorohjsis of Sucrose — ^^'hen dry bacterial irreparations were 
incubated witli phosphate or phosphate-bicarhonatc-C.’O; buffers at pH 
G.3 to 7.0 in the presence of .sucro,se, a rapid esferifiention of inorganic 
phosphate was ob.served. 'I'lie disappearance o! the pho.splmte could be 
measured either with the aid of a modified Fiske-Subbarow method or 
manomctrically in a Warburg respirometer (its COj liberated from bi- 
carbonate b)'' tlic formation of a strongly acidic c.stor). No esterification 
whatever could bo observed with glucose, fructose, or a mixture of the two 
by such cells, nor by preparations made with bacteria grown with glucose 
as sole carbon source. Tiic esterification of phosphate in the presence 
of sucrose W’a.s not inhibited by either 0.05 si fluoride, 0,01 sr iodoacetate, 
or both, and proceeded equally well under aerobic and anaerobic condi- 
tions. All of the esterified phosphate could be .sliown to be in the barium- 
soluble, 7 minute-h 5 ''drolyzablc fraction of the .suspensions. Tlic ester 
svas separated and identified as gluco.se- 1 -phosphate as follows: Tire reac- 
tion mixture was treated with trichloroacetic acid, centrifuged, and then 
barium acetate added. After neutralization and removal of the inorganic 
phosphate, the barium salt of the ester wa.s precipitated by the addition 
of 3 volumes of ethanol. The material was extracted twice with water, 
the insoluble rc.siduo di.srarded, and the .supernatant liipiid precipitated with 
1.5 volumes of alcohol. After this operation was repeated, the material 
obtained was almost completely soluble in water. The substance did not 
reduce alkaline cojjper or ferricyanide solutions. However, on hy'drolysis 
with 1 N sulfuric acid for 7 minute, s at 100°, and neutralization of the 
solution, after remo\ml of the barium sulfate precipitate, an osazone w'as 
formed. This was identified as glucosazone. That it was- the osazone 
of glucose and not of fructose is indicated by the negative Roe test (16) 
and by the hypoiodidc reaction given by the hj’drolyzed solution. 
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The barium salt of the ester ivas converted into the dipotassium salt as 
follows: The salt was dissolved, and a sufficient amount of sulfuric acid was 
added to make the pH of the solution 1.8. The precipitated barium 
sulfate was removed by centrifugation, the solution was brought to pH 8.3 
with potassium hydroxide, and 1.5 volumes of ethanol were added. After 
24 hours the ester separated out in the form of a cr\’stallme salt. The 
crj'stals were filtered off, wa.shed with alcohol, and dried in vacuo at 40°. 

A few of the crj'stals were dissolved in water and treated with potato 
phosphorj'lase at pH 6.0. Starch, which was identifietl by the brilliant 
blue color when treated with iodine, rapidly appeared. This reaction is 
characteristic of glucosc-l-phosphate (4). 

The following analyses were obtained. 

C«H,ia O POi Kt 2HiO Calculated Fouud 

P S.33 8.1 

Aldose . 48.38 48.0 

S'pBtijic Rotation — [alo ** 4-78° (in water, c « \) 

It might be expected that the phosphorolysis of sucrose would lead to 
the production of 1 mole of fructose per mole of Cori ester in accordance 
with the equation, sucrose + HjP 04 — > glucose-1 -“phosphate -f- fructose. 
This, indeed, was found to be the case. 

In addition to the phosphorolytic property, the suspensions showed a 
rather strong invertase activity resulting in the formation of glucose and 
fructose in equimolar ratio. That this was not due to a phosphorolj-sis 
followed by a hj'drolysis of the Cori ester to glucose and phosphate is in- 
dicated by the fact that glucose-l-phosphate remained practically un- 
attached when supplied as substrate under similar conditions, except for 
a slight initial dephosphorj'lation to be discussed further. 

To show the quantitative relationship between the various products of 
sucrose breakdown, 10 cc. of a 2 per cent suspension of drj- bacteria were 
prepared in approximately m/60 phosphate buffer solution at pH 6.64 
containing approximately 0.05 m sucrose, 0.1 M NaHGOj, 0.05 -m ICaF, 
and 0.01 m iodoacetate. The suspension was .shaken for 1 hour at 29° 
in an atmosphere of CO., whereupon trichloroacetic acid was added and 
the precipitate centrifuged off. A control experiment was carried out 
under similar conditions, except that sucrose was not added until after 
precipitation with trichloroacetic acid. An aliquot of the neutralized 
supernatant liquid was analyzed for inorganic phosphate, while, in another, 
the phosphate ester was removed as the lead salt. 

Total reducing sugars were determined after removal of the ester by 
the method of Hassid (17) and glucose by the reduction of hj-poiodite (18). 
Fnictose was estimated by difference, after correction for the reduction 
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of hypoioclitc by fructose and sucrose in solution had been applied. Su- 
crose was determined by tlic increase in rcducinp sugar after acid hydrolysis. 
The lead salt of the ester was hydrolyzed and the gluco.se content deter- 
mined as above, with a small correction for the ester remaining in solution, 
determined as hydrolyzable phosphate. The rc.sults are presented in 
Table I. 

lo .show the interrelation of phosphorolylic and hydrolytic activitic.s 
eaiiied out by the preparations, two aliquots of a siispen.sion were allowed 
to act on approximately m/30 .sucrose in m/15 NallCOj in an atmosphere 
of COj. One contained only the inorganic idio.sphate introduced with the 
dry cells (0.0043 m), while the other was made up with ])II G.5 phosphate 
buffer to a concentration of 0.022 m. 

Samples weio removed, after various periods of incubation with constant 
shaking at 29 , and analyzed for reducing sugar and for inorganic phos- 

Tablk I 

<S»crosc nrcakdomt b y Dry Cell Preparation 

(a) Sucrose utilized tns he.xoso) 

(i) Pcstorified (Fiske-Subbarow method) 

(c) Glucose estcrificd (hydrolysis of c.stcr) 

(d) “ found ns free sugar 

(c) Fructose “ “ << n 

(/) ' in excess of free glucose (c) - (d) . . , 

(C) Products recovered (c) -f (d) + (c) 

Recovery of sucrose products (< 7 / 0 ), % 

Ratio, fructose to Cori ester in phosphorolysis (J/c) 


n.fj, 

.. 0.565 
0.137 
. 0.140 
.. 0.151 
. 0.294 
. 0.143 
. 0.5S5 

103 
. 1.02 


phate. The results are presented in Table 11, together with the computed 
amoun 0 suciose utilized, obtained bj- the summation of esterified 
and reducing sugars found. 

It maj be seen fiom Table II tliat the phosphorolvtic and hydrolytic 
enzymes apparently compete for the sucrose. The nature of the data 
nia ves 1 im^ssible to ^ compute an equilibrium constant for the phos- 
p 1010 ^0 possibility of separating the two functions of the prep- 

aia 10 ns M l e investigated in the future. It is interesting to note that 
lollowing the initial increase in esterified phosphate, there is a gradual 
deciease, strongly indicating the reversible nature of the phosphorolysis, 
M 11 c 1 Mas further e.xperiments. The irreversible hydrolj'sis 

o sucrose M>ould force the phosphorolytic reaction to the left, resulting 
in the disappearance of the ester. 

Synthesis of Sucrose As stated earlier, dry cell preparations M'ere found 
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to have very little action on glucose-l-phosphate under conditions favoring 
phosphorolysis. Thus when m/9 Cori ester (K salt acidified to pH 6.3 to 
6.5 with acetic acid) was added to a preparation in m/15 NaHCOs in an 
atmosphere of CO 2 , only a small fraction (about 2 per cent) of the phos- 
phate was split off in 40 minutes at 29°, after which time no further dephos- 
phor 3 dation occurred. Measurements of the reducing sugar value indi- 
cated a somewhat greater amount of reducing sugar formed than would 
be expected if the process were merely hydrolytic (phosphatase) activity, 
and suggested that, besides hydrolysis, the formation of a small amount 
of reducing ester (such as glucose-6-phosphate) might take place (1). No 
starch or glycogen could be detected with iodine. 

When, however, m/9 fructose was added together with glucose-l-phos- 
phate under similar conditions, a fairly rapid and constant liberation of 

Table II 

Course of Sucrose Breakdown 


M.tq. per 10 cc. after various periods of 
ioctibalioB at 



JO jaia. 

1 60mia. | 

]20znm. j 

' JSOznia. 

I. (Initial phosphate 0.0043 m) 

(a) Total P estcrified 

0.024 



0.003 

(b) Reducing sugar produced 

0.209 

0.356 

HI 

0.561 

(c) Sucrose used (as hexose) (a) + (6).. 

0.233 

0.374 


0.564 

n. (Initial phosphate 0.022 m) 

(a) Total P estcrified 

0.100 

0.113 

0.496 j 
0.093 

0.085 

(6) Reducing sugar produced. . . .. 

0.259 

0.366 

0.456 

0.510 

(c) Sucrose used (as hexose) (a) + (b).. 

0.359 

0.479 

0.549 

0.595 


inorganic phosphate was observed, accompanied at first by a decrease in 
reducing value, and later by an increase paralleling the liberation of phos- 
phate. This was taken as evidence for the formation of a non-reducing 
sugar from glucose-l-phosphate and fructose, followed by its hj'drol 3 'sis to 
he.xose constituents. 

The non-reducing sugar was identified as sucrose bj' the simultaneous 
determination of increase in reducing value and change in optical rotation 
of the deproteinized and neutralized solutions before and after inversion 
with j'east invertase. (Small corrections for the reducing and optical 
properties of the invertase preparations obtained from the Wallerstein 
Laboratories were made. Inorganic phosphate determinations before and 
after inversion indicated no effect of invertase on the Cori ester present.) 

In one e.vperiment, the total amount of sucrose was calculated as 9.05 mg. 
(±0.28 mg.) on the basis of reducing value, and as 9.55 mg. (±0.6 mg.) 
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on the basis of polarimotric readings. In another case, lO.G-1 mg. (±0.5 
mg.) were found b.y the former mctliod a.s compared witli 1 1 .1 mg. (±1 mg.) 
by the latter. No s\icrose could be detected in tlie controls, to which 
trichloroacetic acid wa.s added before glueo.se-l-phosidiatc and fructose, nor 
in preparations with fructo.se alone, the Cori e.ster alone, or glucose and 
fructose together. 

Table III .show.s the relation of .synthe.sis of sucro.se to the utilization of 
glucosc-l-phosphatc and fructo.se by 5 cc. of a bacterial preparation with 
m/15 NallCOj, m/9 Cori’s e.ster, and O.IOS M fructose incubated at 29° 
in an atmosphere of COj. Both the theoretical values for sucrose, com- 
puted as reducing sugar unaccounted for, and the actual values, found as 
increase in reducing sugar after hydrolysi.s witli invcrta.«c, are given. 
From Table III it is evident that, under the conditions of the experiment, 
the sucrose concentration rajridly reaches a value approximating G per 


Tabu; III 

Sucrose Formaliori from Glucosr-I -phosphntc and Fructose 





M.cq. per 5 cc. 



Oroin. 1 

JO min. 1 

60 min. 1 

IJO min. 

ISO raifl. 

(а) Reducing sugar 

( б ) Total change in reducing sugar. 

(c) P liberated from Cori ester ... 

(d) Sucrose calculated (ns liexose) 

0.541 

! 

1 

1 

0.500 

-0.032 

0.021 

1 

0.521 

- 0.020 

0.017 

0.542 

+ 0.001 

O.OGS 

0.570 

+0.029 

0.095 

(c) - (5) 

(e) Sucrose found (ns hexosc) with 

0 

j 0.053 

0.0G7 j 

j 

0.0G7 

0 . 0 C 6 

invertase 

« 1 

j 0.051 

0.0G2 

0.066 j 

0.069 


cent of the sum of the constituents, and remains constant at this level, at 
which the rate of hydrolysis mxrst equal that of synthesis. Other experi- 
ments gave as good or oven better agreement between the theoretical 
sucrose values and those actually determined with invertase. 

Treating with iodoacetate and fluoride did not materially affect the 
reaction. The addition of m/ 70 sucrose was shown to depress the liber- 
ation of inorganic phosphate by preparations with the Cori ester and 
fructose, but the addition of m/CO phosphate buffer or of yeast invertase 
to the suspensions did not appreciably affect the rate. 

Exforimenls loith Other Stigars — it has already been stated that no 
esterification of inorganic phosphate could be observed with glucose as 
substrate even b}' preparations of bacteria grown with glucose as sole 
carbon source. It might be expected that a phosphorolysis of trehalose 
and maltose would be observed with dried bacteria obtained from cultures 
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with 'these sugars. However, no esterification could be detected in the 
presence of these sugars under conditions similar to those employed in 
experiments with sucrose. Either the phosphorolytic enzymes were inac- 
tive in these preparations, or the breakdown of these sugars follows a 
different course than that for sucrose. This obsen^ation was disturbing, 
in view of the fact that, especially with trehalose, the metabolism of the 
bacteria, both in growing cultures and in resting cell suspensions, is re- 
markably similar to that with sucro.se. 

An interesting observation was made with trehalose-grown bacteria; 
namely, that the drj' cell preparations were capable of hydroh'zing this 
sugar fairly rapidl 5 ', although the intact cells have verj" little activity, 
recalling the findings of Deere et al. (19, 20). That this hydrolysis was 
not due to a phosphorolysis coupled with phosphatase activity seemed 
almost certain from the findings that it proceeded at exactly the same rate 
both in the presence and in the absence of added phosphate, and that 
glucose-l-phosphate was attacked at a veiy low rate as compared with 
that for the hydrolj’.sis of trehalose.- Of further interest was the obser- 
vation that preparations from cultures grown with trehalcse showed 
neither an appreciable hydrolysis nor phosphorolysis of sucrose. This was 
not unexpected, in view of the extrcmclj' adaptive character of the en- 
zymes reported previously for this bacterium. 

DISCUSSION 

Although the discoveiy of the phosphorolytic breakdown and synthesis 
of sucrose b 3 ’ preparations of Pseudomonas saccharophila is of general 
interest, it falls short of explaining the behar-ior of the intact organisms 
with respect to this sugar as well as other disaccharides. The living cells 
are capable of oxidizing the entire sucrose molecule at a verj”^ high rate 
(with a synthesis of about two-thirds of the sugar to cell material b\' 
starved resting cell suspensions). GIuco.se, on the other hand, is oxidized 
very .slowl.v b\' bacteria accustomed to .sucrose, while fructo.se supplied 
in equivalent concentration.s is practicallj' unattacked. Yet fructose is 
the jiroduct of both the phosphorol.v.sis and h.vdrolv.sis of suero.se by the 
bacterial preparations. Three theories ma.v be suggc.stcd in possible 
explanation of this behavior: (1) That the permeabiliU' of the cell mem- 
brane prevents the penetration of the free hexose. (2) That the hexose 
constituent, during or immediately’ after phosphorolysis or hj'drolysis, is, 
for some reason, more readilj' attacked than a free hexose molecule. That 
the y form of fructose would fulfil such a requirement does not seem very 
likely, since the preparations are capable of using the normal form of 
fructose in the .sjmthcsis of sucrose. (3) Tliat, in living colls, the di- 
saccharide acts first as a phosphate acceptor and is then pho.sphoroh’zod 
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to 2 molecules of hexosc pliosplmto. Since no respiratorj' or fermentative 
abilib}' was shown hy the preparations, there could be no generation of 
suitable phosphate donors for the phosphorj'lation of either the hexose or 
the disaccharide, and the normal course of events may have been altered 
by this dcficicnc3f. It is even possible that the inability of drj’ cells to 
phosphorolyzc trehalose and maltose nmj" have been due to the inavail- 
ability of such donors. Experiments designed to test the above possibili- 
ties arc now in progress. 


SUMMAIIY 

1. A drj’’ preparation of the bacterium Pscudotnonas saccharophila has 
been found capable of phosphorol.vzing sucrose to gluco.se-l-phosphate and 
fructose. 

2. With glucose-l-phosphate and fructose ns substrates, the formation 
of sucrose could be demonstrated bj* the reversal of the above reaction. 

3. The competing h3'droly tic and phosphorolytic properties of the prepa- 
ration could bo summarized ns follows; 

Sucrose -f HjPO^ ^ gluco.se-] -phosphate -p fructose 
•f 

HjO 

i 

glucose -h fructose 

The authors wish to express their gratitude to Professor H. A. Barker 
for his valuable suggestions. 

Addendum — Since the preparation of this manuscript, an article by Kagan, Latker, 
and Zfnsman (21) has come to our attention. These authors present evidence for 
the phosphorolysis of sucrose with the production of glucose-l-phosphatc by intact 
cell suspensions of the bacterium Lcuconosloc mcscntcroidcs. 

BIBLIOGnAPHY 

1. Cori, C. F., and Cori, G. T., Free. Soc. Exp. Biol, and Med., 84, 702 (1936). 

2. Cori, C. F., Endocrinology, 26, 285 (1940); Biological symposia, Lancaster, 6i 

131 (1941). 

3. Kiessling, W., Biochem. Z., 302, 60 (1939). 

4. Hanes, C. S., Proc. Roy. Soc. London, Series B, 128, 421 (1940); 129, 174 (1940). 

5. Oparin, A., and Kursanov, A., Biochem. Z., 239, 1 (1931). 

6. Burkard, J., and Neuberg, C., Biochem. Z., 270, 229 (1934). 

7. Hassid, W. Z., Plant Physiol., 13, G41 (1938). 

8. Kursanov, A., and Kryukova, N., Biokhimiya, 4, 229 (1939). 

9. Lebedew, A., and Dikanowa, A., Z. physiol. Chem., 231, 271 (1935). 

10. Leonard, O. A., Am. J. BoL, 26, 78 (1938). 

11. Irvine, J. C., Oldham, J. W. H., and Skinner, A. F., J . Am. Chem. Soc., 61, 1279 

(1929). 



BOUDOEOFF, KAPLAN, AND HASSID 


75 


12. Irvine, J. C., and Oldham, J. W. H., J. Am. Chem. Sac., Bl, 3609 (1929). 

13. Wright, H. D.. J. Path, and Bad., 43, 487 (1936); 45, 117 (1937); 46, 261 (1938). 

14. Leibovitz, J., and Hestrin, S., Emymologia, 6, 15 (1939). 

15. Doudorofl, M., Emymologia, 9, 59 (1940). 

16. Roe, J. H., J. Biol. Chem., 107, 15 (1934). 

17. Hasaid, W. Z., Ind. and Eng. Chem., Anal. Ed., 9, 228 (1937). 

18. Yemm, E. W., Proc. Roy. Soc. London, Series B, 117, 485 (1935). 

19. Deere, C. J., Dulaney, A. D., and Michelson, I. D., J. Bad., 37, 355 (1939). 

20. Deere, C. J., J. Bad., 37, 473 (1939). 

21. ICagan, B. 0., Latker, S. N., and Zfaaman, E. M., Biokhimiya, 7, 92 (1942). 




ON THE FRACTIONATION OF IODINE IN BLOOD* 
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(Received for publication, January 9, 1943) 

Since 1900, when Gley and Bourcet (1) demonstrated that a part of 
the plasma iodine w’as in combination with protein, many workers have 
attempted to segregate the blood iodine into various fractions. Such 
terms as “organic” iodine, “hormone” iodine, etc., were introduced, which 
were used rather loosely to represent that part of the blood iodine insoluble 
in acetone, ethyl alcohol, or methyl alcohol. The expression of iodine 
fractions according to their respective solubilities (or insolubilities) in 
these solvents, however, is invalid, since it has now been shown that the 
amount of iodine extracted by these agents depends upon the efficiency of 
the e.xtraction (2-4). 

Working nith a filtrate of blood after the proteins had been precipitated 
by zinc sulfate and sodium hydroxide (method of Somogjd (5)), Trevorrow 
(2) has shoTOi that the protein coagulum apparently retained all the added 
thyroxine and diiodotyrosine, while added potassium iodide or iodate 
appeared in the filtrate. According to Salter (6), Perkin has made similar 
observations. Recently, Man and her coworkers (7), working with the 
protein precipitate of blood after the addition of the Somogjd reagents, 
found in four experiments that after the addition of thyro.'dne and diiodo- 
tjTOsine to serum 93 and 94 per cent of the th 3 ’roxine iodine and 83 and 85 
per cent of the diiodotyrosine iodine were recovered in the protein pre- 
cipitate. 

In the studies now reported, the experiments of Trevorrow (2) were re- 
peated, but for technical masons iodine determinations were carried out 
on the protein coagulum rather than on the filtrate as was done bj- this 
worker. Apparently, Alan and her associates (7) also have found the 
protein mass more amenable for analysis. In addition, thjToglobulin, 
which was obtained through the courtesy of Dr. L. J. Soffer of Mount 
Sinai Hospital, New York, was also emploj’cd in manj- recoverj’ experi- 
ments. Investigations with thjToglobulin appeared important, since 
under certain special circumstances, this substance is known to circulate in 
the blood stream (8). The method of Trevorrow and Fashena (9, 10) was 
used throughout. 

* Aided by a grant from the Thyroid Fund of the Thyroid Clinic, Departments of 
Medicine and Surgerj-, New York Post-Graduate Hospital. 
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TAJit.r. I 


Recovery of Added Thyroxine, Thyroylohulin, and Potcissium Iodide in Protein 
Coaytditm of IRood with Methyl Alcohol /Is Prolein-Prccipilating Agent 
The proloin mnss wna wnsheci willi 200 co. of ncctono. 


Experiment 

Iixli'nc fn piolem cosfpilum 

l^ctovcry 

CAlcubtcd 

Found 



y 

fir tttl 

15 cc. pooled human blood thyroxine 

0.72 + 2.3 

5.12 

22 


0.72 4- 2.3 

5.1-1 

22 


0.72 -f G9 

25. CO 

37 


0.72 -b C9 

25.00 

36 


1.18 -f 53 

10.42 

20 


1.18 -b 21.2 

G.78 

31 


l.lS-b21.2 

3.77 

1 17 

10 “ •' " '■ 4 - II 

O.-IS A- -IG ' 

10. SO 

23 


O.-IS -b -IG 

12.50 

27 

5 ** ** ** it 

0.21 -b 23 

1 4.00 

17 


0.21 -b 23 

1 4.00 

17 

IS " " " “ -f thyro- 

0.21 -b 16.se 

! 14. 9G 

93 

globulin 

0.21 -b 15.se 

14.51 

90 


0.21 + 15.80 

14. C4 

90 


0.21 -b 15.8G 

15.37 

95 

15 cc. pooled human blood -b polos- 

0.72 -b C3.3 

0.75 

0 

Slum iodide 

0.72 + 03.3 

0.71 

0 


Tadi-k n 

Recovery of Added Thyroxine in Protein Coagulum of Blood with Heat and Acetic Acid 
/Is Protein-Precipitating Agents 

The protein mass was not washed. 15 cc. of pooled liumnn scrum + thyroxine 
wore used in each e.vpcrimcnt. The cnlculnted value for iodine in the protein coagu- 
lum is 1.9 + 10.7 7 . 


Iodine found in protein coagulum 

Rccoverj' 

y 

ftr cent 

7.74 

54 

7.54 

52 

6.14 

40 

6.18 

40 


ResriKs 

Table I shows that when methyl alcohol is used as a precipitating agent 
of blood protein and the protein coagulum is washed with acetone, the pro- 
tein mass retains 90 to 95 per cent of the added thyroglobulin but only 17 
to 37 per cent of the added thyroxine. Added potassium iodide is com- 
pletely washed out of the protein mass. 



Table III 

Recovery of Added Thyroxine and Thyroglohvlin in Protein Coagulum of Blood with 
Tungstic Acid As Protein-Precipitating Agent 


Experuaeat 

Iodise in protein coxgulum i 

1 

i 

Recovery 

WashiniT of protein mass 

Calculated 

1 Found 


y 

y 

per cent 


15 cc. pooled human 

2.74 + 10.7 

9.49 

63 

None 

serum + thyroxine 

2.74 + 10.7 

9.46 

62 

1 “ 


2.74 + 21.4 

16.6 

65 

tt 


2.74 + 21.4 

15.3 

58 

tt 


2.74+ 5.35 

6.24 

65 

t( 


2.74 + 5.35 1 

5.75 

56 

Water (50 cc.) 

15 cc. pooled human 

1.18 + 53 

24.3 

43 

Methyl alcohol (50 cc.) 

blood -}• thyroxine 




+ acetone (100 cc.) 


1.18 + 53 

24.3 

43 

tt ft 


1.18 + 21.2 

10.94 

48 

tt tt 


1.18 + 21.2 

8.21 

37 

tt it 

15 cc. pooled human 

1.18 + 21.1 

16.4 i 

77 

tt tt 

blood -f- thyroglob- 
ulin 






Table IV 


Recovery of Added Thyroxine, Thyroglobulin, and Diiodolyrosine in Protein Coagulum 
of Blood with Zinc Sulfate and Sodium Hydroxide /Is Protein-Precipitating Agents 
The protein mass was not washed. 


Experiment 

Iodise in protein coagulum 

Recovery 

Calculated 

Found 


y 

^ y 

per cent 

15 cc. pooled human serum + thyroxine 

1.62 + 13.5 

13.3 

! 89 


1.62 + 13.5 

13.9 

92 


1.62 + 13.5 

14.6 

97 

15 " " “ blood + 

2.7 + 13.3 


88 


2.7 + 13.3 

14.7 

92 


2.7 + 13.3 

14.8 

93 


10.1 + 11.14 

23.3 

109 


10.1 + 11.14 

23.3 

109 


10.1 + 11.14 

21.4 

101 

15 “ sheep blood -f thyroxine 

1.3 + 12.3 

13.8 

102 


1.3 + 12.3 

13.8 

102 


1.3 + 12.3 

13.5 

99 


1.3 + 12.3 


95 

15 " " " + thyroglobulin 

1.3 + 19.0 

19.3 i 

95 


1.3 + 19.0 

18.1 

89 


1.3 + 19.0 


103 

1 

1.3 + 19.0 


103 


1.3 + 19.0 

21.7 

107 

1“ " “ + diiodotyrosine 

0.21 + 20.9 

18.81 

89 


0.21 + 20.9 

19.23 

91 


0.21 + 20.9 

21.27 

101 


0.21 + 8.4 


107 


0.21 + 8.4 

8.57 

100 
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Tahm: V 

Rrcovcry of Added Thijroxiuc in Protein Coagulum of lilood with Zinc Sulfate and 
Sodium Hydroxide .-Is Prolein-Preciyitaiing Agents in Presence of Added Inorganic 

Iodine 

Tlic protein muss wiis wnshed once with 60 cc, of water. 



Io<!mc In protein co.iKulmn 


Experiment 

Total Iodine calculated 

fodine In pro- 
tein co-iRulum 
calculated 

Iodine in pro- 
tein coagulum 
found 

Recovery of 
organic iodine 

15 cc. slicep blood + 
tliyroxine + pota.ssiiim 


y 

> 

fe' CfT.l 

1 .3 + 12.2 
+ lO.G 

13.5 

M.9 

1 

no 

iodate 

1.3 + 12.2 

4- 10.0 

13.5 

13.3 

99 


1.3 4- 12.2 

4- 21.1 

13.5 ■ 

1 

13.7 

I 101 

1 

15 ce. pooled human blood 
4 - thyroxine + potns- 

1.3 4- 12.2 

4' 5.25 

13.5 

1 13.3 

99 

1.2 4-12.7 

4- 10.65 

13.9 

15.5 

ni 

sium iodate 

1.2 4- 12.7 

4- 10.53 

13.9 

14.2 

102 


1.2 4-12.7 

4- 5.25 

13.9 

14.9 

107 


Table VI 

Removal of Potassium fodalc from Protein Coagulum of Blood icith Zinc Sulfate and 
Sodium Hydroxide /Is Protein-Precipitating Agents 
15 cc. of pooled human blood + potassium iodate wore used in each experiment. 


Iodine in protein coaculun. 


Cnlcu la ted 


•4.92 + 10.55 
4.92 + 10.55 
4.92 + 21.10 
4.92 4- 21.10 
4.92 + 5.25 
3.30 -f 21.10 


lum 

Inorpanic iodine 
remov'cd 

Washing of protein mass 

Found 1 

y 

per cent 


S.G 

C5 

None 

S.O 

70 

H 

11.0 1 

71 

1 <( 

10.1 : 

75 

(( 

5.4 ; 

90 

50 cc. B'ater 

2.9 j 

93 

100 “ “ 


Table II indicates that Avlien heat and acetic acid are used as protcin- 
precipitatmg agents, the protein coagulum retain.s only 40 to 54 per cent 
of the added thyro.xine. 

demonstrates that the protein coagulum of blood retains only 
t o pei cent of the added thyroxine and in one experiment 77 per cent 
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of the added thyroglobulin when tungstic acid is used to precipitate the 
blood proteins. 

Table IV shows that when zinc sulfate and sodium hj'droxide are used as 
precipitating agents of blood protein, the protein coagulum retains 88 to 
109 per cent of the added thyroxine, 89 to 107 per cent of the added thy- 
roglobulin, and 89 to 107 per cent of the added diiodotyrosine. 

, Table V indicates that when the blood proteins are precipitated by the 
Somogyi reagents and the protein mass is washed with 50 cc. of water, the 
protein mass retains 99 to 111 per cent of the added thyroxine while added 
inorganic iodine in the form of potassium iodate is completely washed out. 
Table VI demonstrates that if, however, the protein coagulum is not washed 

Table VII 


Tolal and Precipiiable Iodine of Whole Blood of Twelve Normal Subjects wilhZinc 
Sulfate and Sodium Hydroxide As Protein-Precipitating Agents 


Subject No. 

Total iodine 

Pcecipitable iodine 1 
1 

Non*precipitab)e 

iodine 

Prccipitable iodine 


7 ptr too ce. 

7 ptr too ec. 

7 per t0f> cc. 

per cent of tolal 

1 

6.3 

6.6 


100 

2 

5.0 

6.0 


100 

3 

7.3 

7.3 


100 

4 

4.9 

5.0 

1 

100 

5 

9.8 

8.4 i 

1.4 

86 

6 

5.6 

5.6 1 


100 

7 

4.2 

4.0 

0.2 

95 

8 

4.2 

4.9 


100 

9 

9.8 

8.4 

1.4 

86 

10 

6.3 

5.6 

0.7 

89 

11 

7.7 

7.0 

0.7 

91 

12 

4.9 

1 4.9 

1 


100 


with water, the protein coagulum retains some of the added inorganic 
iodine (potassium iodate). 

Table VII shows the total and prccipitable iodine of twelve normal sub- 
jects when zinc sulfate and sodium hydroxide were used as protein-precipi- 
tating agents. It is demonstrated that in normal human blood 86 to 100 
per cent of the total iodine is prccipitable by these reagents. 

D7SCUSSIOX 

The present e.xpcriments confirm the observation of Trevorrow (2) that 
the simple organic iodine compounds, namely thyroxine and diiodotyrosine, 
are precipitated with the blood proteins when zinc sulfate and sodium hy- 
droxide are used as the precipitating agents; moreover, inoi'ganic iodine 
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may bo extracted from tlio protein congiilum by washing the mass mth 
water. In addition, it has been demon.strated tliat the complex organic 
iodine compound tliyroglobulin is also precipitated by the Somogji rea- 
gents. This procedure serves, therefore, to differentiate between organic 
and inorganic iodine compounds as they arc knoum to exist in the blood 
stream under normal or abnormal circumstances. From observations 
made on twelve normal subjects, further evidence is presented to indicate 
that less than 15 per cent of the total iodine in whole blood is present in 
inorganic form. 

For the sake of uniformity in the expression of various iodine compo- 
neiits in the blood, Salter ((0) p. 75) h.as suggested an interesting program 
which should have universal apiical. lie maintains that, first, iodine 
determinations should be carried out on plasma at least until it is proved 
that the iodine content of the red blood cells reflects precisely that of the 
plasma. According to some of the figures cited in his book, it would appe.ar 
that the red cells arc poorer in iodine than the plasma. Silver (4) has 
shown recently that practicallj’ all the normally circulating iodine is in the 
plasma and that the amount jircscnt in washed red cells is too low to be 
deteimined by present methods. It is obvious, therefore, that plasma is 
the medium of choice for blood iodine determinations. Although most of 
the present studies were carried out on whole blood, the results of the few 
recovery experiments in which serum was used as a substrate were not un- 
like those in which whole blood was utilized. 

The second point mentioned by Salter requires no comment. The blood 
iodine should be separated into “I” iodine (inorganic iodine) and “P” 
iodine (precipitable iodine; j.c., thyroxine, diiodotyrosine, and th 3 ’roglob- 
ulin). The precipitation of the blood or plasma proteins bj’ zinc sulfate 
and sodium hj'droxide and washing the protein coagulum with water are 
a valid procedure for such differentiation. 

Salter suggests further that the “P” iodine be separated into a “T” 
(thj’ioxine-like) fraction and a "D” (diiodotj’rosinc-like) fraction according 
to the method described by Leland and Foster (11) for the determination 
of thjuoxine in thj'roid tissue. In order to avoid the loss of approximatelj' 
20 per cent of the thjToxinc bj' the prolonged alkaline hj’^drob'sis called 
for by this method and since she assumed that thj'ro.xine in blood, if pres- 
ent, was not in combination vdth protein, Trevorrow (2) eliminated this 
^age in the procedure and added blood or plasma directly to butjd alcohol. 
Bassett, Coons, and Salter (12) determined the “T” and “D” fractions of 
t le P iodine of plasma bj'^ digesting the proteins vdth commercial pepsin 
prior to extraction of the thyroxine in butyl alcohol and the diiodotyrosine 
in 2 N sodium hydroxide. Adequate recoveries of added thyroxine to 
p asma bj’’ their respective procedures were reported bj’' Trevorrow and by 
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Bassett, Coons, and Salter. In our hands, the Trevorrow modification of 
the Leland and Foster method has proved to be unsatisfactory for the re- 
covery of thyroxine and diiodotjTOsine when added to whole blood; we 
have had no experience with the Bassett, Coons, and Salter procedure. 
Work along these lines is still being pursued. 

SUMMARY 

1. The recovery of added thyroxine, diiodotyrosine, and thyroglobulin 
from the protein coagulum of whole blood was inadequate when methyl 
alcohol, heat and acetic acid, or tungstic acid was used as the protein- 
precipitating agent. 

2. When zinc sulfate and sodium hj'droxide were employed to precipi- 
tate the blood protems, the protein mass retained 88 to 109 per cent of the 
added thyroxine, 89 to 107 per cent of the added thyroglobulin, and 89 to 
107 per cent of the added diiodotyrosine. Added inorganic iodine was re- 
moved from the protein coagulum by washing the mass with water. 

3. When zinc sulfate and sodium hydroxide precipitation of the blood 
proteins was used to differentiate between the precipitable (organic) and 
non-precipitable (inorganic) iodine fractions in the blood of twelve normal 
subjects, less than 15 per cent of the total blood iodine was formd to be 
present in the inorganic form. 

4. In many experiments in which whole blood was used as a substrate, 
the recovery of added thjrroxine and diiodotyrosine by the Trevorrow modi- 
fication of the Leland and Foster method has been entirely xmsatisfactory. 
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DETERMINATION' OF IODIDES IN URINE 
Bi- IRWIN A. PEARL* 

(Received for publication, January 29, 1943) 

In studj'ing the elimination of iodine from the human system after ad- 
mimstration of massive doses of inorganic iodides directly into the blood 
stream, for urinary tract roentgenographic purposes we desired to find a 
rapid accurate macromethod for the estimation of iodides in urine. In a 
sinular studj' with slightly smaller quantities of iodine Osborne (10) used 
the method of Kendall (7, 8) involving alkaline nitrate fusion, o.Udation of 
the obtained iodide to iodate with sodium hj'pochlorite, addition of potas- 
sium iodide, and titration of the liberated iodine with thiosulfate. Ken- 
dall’s method gave good results, but the evaporation and fusion operations 
consumed too much time for routine analj'ses. 

A review of the literature indicated that a number of methods have been 
proposed for the estimation of iodides in urine. All of the proposed meth- 
ods involved the removal of interfering organic matter, o.vidation of the 
inorganic iodine to iodate, and estimation of the iodate by one of several 
procedures. Among the methods reported for removal of organic matter in 
addition to the time-consuming ashing methods (2, 3, 7-9, 11) are treatment 
iiith hot sulfuric acid and hj'drogen pero.xide (6), alkaline potassium per- 
manganate (5, 15), chromium trio.xide, sulfuric acid, and ceric sulfate (13), 
and acid potassium permanganate (14). In the cases of the permanganate 
methods no further oxidation was necessarj- to transform the iodide to 
iodate. In the other cases either bromine water or hypochlorite was used 
to accomplish this oxidation. Verj' recently Alpert (1), instead of destroj"- 
ing the organic matter, deproteinized the urine by the standard Somogjd 
(12) technique, o.xidized the resulting urine with bromine water, and deter- 
mined the iodate bj' titration. Working independently, Flox, Pitesky, and 
Alving ( 4 ) deproteinized the urine with cadmium sulfate, oxidized the 
protein-free urine with bromine water, liberated the iodine with potassium 
iodide, but determined the iodine colorimetrically. 

^ Unfortunately, these semirapid methods were designed for minute quan- 
tities of iodine. When urine samples containing as much as 2 gm. of so- 
dium iodide are used, with aliquot portions containing the amount of iodine 
required for the microprocedures, the small inherent error of these determi- 
nations when multiplied by the aliquot factor became too great to disregard. 
.\ttempts to use these methods on a much laiger scale failed to give satisfac- 
torj- results. In addition the methods which wore rapid on a micro scale 
Present address, Institute of Paper Chemistr>’, Appleton, Wisconsin, 
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ceased lo be rapid on a macro scale. Altho\iRb many attempts were made 
to modif}’’ these methods for rapid macro u.so, no saiisfactorj’ modification 
rvns found. 

Further investigation, however, rc.sulted in the following method for the 
quantitative determination of relatively largo ainount.s of iodine in urine, 
■which was found by the author to be both rapid and reliable. The method 
is based upon the removal of objectionable matter in the urine by boiling 
■vmth bromine water containing a substantial excess of bromine. Several 
hundred recovery experiments were made before and after the described 
method was adopted, All recovery c.xperiments were made on accurately 
■vveighed samples of dry reagent grade pota.ssium iodide dissolved in 25 ml. 
of urine. Tlic samples varied in size from 0.01 to 0.2 gm. Consistent 
recoveries of between 99.9 and 100.1 per cent were obtained. 

Reagents — 

Saturated bromine water. 

Saturated phenol solution. 

Phosphoric acid solution prepared by diluting reagent grade 85 per cent 
phosphoric acid to 50 per cent with distilled water. 

Reagent grade bromine and potassium iodide. 

Decinormal sodium thiosulfate. 

Starch indicator. 


Procedure 

Measure the urine sample carefully and dilute to volume in a 250 or 500 
ml. volumetric flask, depending upon the size of the sample. Pipette a one- 
tenth aliquot into a 500 ml. Erlenmeycr flask, dilute to approximately' 250 
ml. \vith saturated bromine water, and add from a dropping bottle 15 to 25 
drops of bromine. Heat the solution to boiling on the hot-plate, and boil 
until the liquid bromine has disappeared and the orange color has started to 
fade, but remove from the hot-plate before the solution has lost its y^ellow 
color. Cool to room temperature. Add a few drops of saturated phenol 
solution and shake w'ell with a rotaiy motion. The clear yellow color of the 
solution should change to a slightly perceptible white turbidity'. To insure 
complete removal of bromine vapors, blow out the atmosphere above the 
solution 'with the breath. Add 10 ml. of 50 per cent phosphoric acid, 0.5 to 
1.5 gm. of potassium iodide, and titrate the liberated iodine vith 0.1 N so- 
dium thiosulfate, using starch as an indicator. In solutions containing 
more than 0.1 gm. of original iodine a few drops of benzene should be added 
before the iodine is liberated wdth potassium iodide. The thin lay'cr of 
benzene prevents loss due to volatilization of iodine during the titration. 
Each ml. of 0.1 n thiosulfate is equivalent to 0.002115 gm. of iodine. 

The sodium thiosulfate was standardized under conditions similar ito 
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those which obtain in the determination by weighing accurately various 
size samples of dry reagent grade potassium iodide, diluting with distilled 
water, oxidizing with bromine Avater and bromine, and carrying through 
the determination in the manner described above. 

DISCUSSION 

Kendall (7) reported that when more than 10 to 12 mg. of iodine are 
present, bromine should not be used because the hydrobromic acid pro- 
duced during the oxidation of the iodine may reduce the iodic acid when the 
solution is boiled. This statement is true for the method of Kendall in 
Avhich the bromine is removed by boiling. Hoivever, under the conditions 
of the procedure described in this paper, in which an excess of bromine is 
always present until the solution is cooled, no reduction of the iodic acid 
takes place. 

The point at which the boiling solution is removed from the hot-plate is 
of the utmost importance in the satisfactory use of this procedure. If the 
solution is cooled before the dark orange color has disappeared, a heavy 
precipitate of tribromophenol Avill separate when the solution is treated 
with saturated phenol solution. If this precipitation takes place, no sharp 
end-point can be obtained in the subsequent thiosulfate titration. On the 
other hand, if the boiling solution is allowed to turn colorless, there is likeli- 
hood of some iodic acid being reduced by the hydrobromic acid present in 
the solution, resulting in low recovery of iodine. The point at which the 
boiling solution should be removed from the hot-plate and cooled so that it 
Avill give the slightly perceptible white turbidity with phenol solution is 
easily ascertained after several trials. 

The amount of liquid bromine used in the procedure is dependent upon 
the amount of iodine, the size of the urine sample, and the age of the urine 
sample. In the reaction between sodium iodide and bromine 6 atoms of 
bromine are required for each atom of iodine. The size of the urine sample 
determines the amount of organic matter to be oxidized and, therefore, the 
amount of bromine required. It has been found that aged urine samples 
require more bromine to remove objectionable organic matter than do fresh 
ones. The quantities of bromine specified in the procedure have been 
found adequate to remove objectionable organic matter and oxidize all 
iodine to iodate for relatively fresh urine samples of the sizes indicated. 

The amount of solid potassium iodide added to liberate iodine from the 
lo^c acid solution is dependent only upon the amount of iodine in the 
original sample. In order to leave an excess after reaction irith the iodic 
acid the amount of potassium iodide used should be roughly 8 times the 
"eight of the iodine originally present. 

Kendall (7) observed that if more than 100 mg. of iodine are present 



8S 


lODlDKS IN irniNi: 


tlici -0 is (hmgf'i- of los.'^ of iodine by volatiliziition during the titration. As 
a satisfaclory moans of })rovonting tiiis loss lie proi)oscd tlic addition of a 
few ml. of 1)0117,0110 to tlio flask. Advantage has boon taken of this precau- 
tion in tlic described procedure. 


SIIM.MAUY 

A macromethod is described for the rapid determination of iodides in 
urine. It involves freeing from objectionable organic matter and oxidation 
of the iodide to iodic acid by the action of bromine water and bromine, 
liberation of iodine with jiot n.s.siiim iodide, and titration of the iodine ivitli 
sodium thiosulfate. The method has boon found reliable over a wide 
range. 

The author is indebted to Mis.s Mcredythc ClolcLsmith for much a.ssistanec 
in carrying out the large number of recovery experiments. 

Tlie-work reported in thi.s paper was performed in the laboratories of 
the Chcmistiy Department, University of Washington, Seattle. 
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CONSTITUTION OF THE POLYSACCHARIDE SYNTHESIZED 
BY THE ACTION OF CRYSTALLINE MUSCLE 
PHOSPHORYLASE 
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{From the Division 0 / Plant Nulrilion of the College of Agriculture, University of 
California, Berkeley, and the Department of Pharmacology, Washington University 
School of Medicine, St. Louis) 

(Received for publication, January 25, 1943) 

Evidence has been presented (for a review of this subject see iMej'er (1)) 
that natural starches can be separated into two fractions which differ not 
only in physical properties but also in chemical constitution. One frac- 
tion, amylose, is made up of long chains of glucopyranose units, while the 
other fraction, amylopectin, consists of relatively short, branched chains 
composed of about 25 glucose units. Amylose is present in potato starch to 
the extent of about 20 per cent (2). Animal glycogen was found to re- 
semble am 3 'lopectin in having a branched structure. 

The properties of the polysaccharide obtained through the action of 
potato phosphorj'l&se on glucose-l-phosphate in intro have been studied by 
Hassid and AlcCready (3) and bj’- Haworth, Heath, and Peat (4). By 
means of the method of end-group determination, it was shown that the 
synthetic polj’saccharide consists of long chains of glucopyranose units with 
little or no branching. It follows then, that sjmthctic potato starch is 
similar in structure to the amylose fraction of natural starches. 

Hanes’ (5) findings that sjmthctic potato starch is poorl.v soluble in 
water, that it gives a more intense blue color with iodine than docs natural 
potato starch, and that it is completelj' converted to maltose b.v /8-am.vlase 
are further indications of similaritj’ in structure to amjdose. In the case of 
natural starches and of gh'cogen, degradation with ;S-amylase ceases when 
about GO per cent of the polj’saccharide has been converted to maltose. 
Accoi-ding to Hanes (0) /3-amj’lose attacks the non-reducing ends of the 
polysaccharides, splitting off successive maltose fragments until it en- 
countcis a modification in structure. Since it is known (7) that branching 
occurs in glj’cogon and starch on the Cth carbon atom of some of the glucose 
units in the chains, these linkages are probably rcsjmnsiblc for stopping the 
hyd’-olysis. IVith long chain polj’saccharides ha\'ing a non-branched stnic- 
turc and therefore no such linkages, the hj’drolysis bj’ /S-amj-la.oe continues 
until the whole molecule is degraded to maltose. 

’ This work was supported by .a gr.ml from the Corn Industries Rcsearcli Founda- 
tion to Washington University. 
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Bear and Cori (8) slion-cd thni the polyfincclinridc {iynthesiaed in pilrohy 
heart or liver phosphor 3 ’lafio oxliibif.s the i)roper(ie.s of natural ph-cogen. It 
is soluble in water, gives a reddish brown color with iodine, docs not retro- 
grade, and gives a dilTiiso .v-ra 3 ' pattern characteristic of ainorplious mate- 
rial, The pol 3 'sacchnridc H 3 ’nthcsized 1)3' imisclc phosphor 3 'losc in vilro, 
however, produces a blue color with iodine, is almost insoluble in cold 
water, and retrogrades raj)idl 3 ’ when hot solutions arc cooled. Its .x-ray 
pattern, like that of synthetic potato starch (9), was found to resemble 
closcl 3 ' that of natural potato starch. 

The purpose of the present investigation was to .stud 3 ' the properties and 
molecular constitution of tlie synthetic muscle poly'saccharidc, Tlie syn- 
thesis was carried out with cr 3 'sfallinc muscle phosphor 3 'lase (10). Potato 
phosphor 3 dasc has not 3 ’et Ireen oblainc<! i)urc; preparations made accord- 
ing to Hanes’ (5) method contain am 3 'Ia.sc. The "soluble starch" (15 per 
cent of the total starch S 3 'nthcsizcd bv potato j)Iios{)iioryIasc) mentioned by 
Haworth c( ol. (4) may well be due to the ncti\'ity of nm 3 'laEc. A^Tien the 
s3'nthesis is carried out with crystalline muscle phQsphor3dasc, no soluble 
polysaccharide fraction is obtained. 

It was found that the s 3 Tithetic muscle poly.sacoharide closely resembles 
synthetic potato poly'saccharido in its properties and molecular constitu- 
tion. It gives a more intemso blue color with iodine than does natural 
starch and it is almost completely converted to maltose by /9-amylase. 
Neither synthetic pob’saccharide has an activating effect on muscle phos- 
phorylasc. Hy'drolysis of the methylated i)olysaccharidc gives O.G per 
cent of tetrameth3dglucosc. This amount of end-group corrosponds to a 
chain length of approximately' 200 glucose units. Unlike glycogen or 
amylopectin the symthetic poly'saccharide is made up of long, unbranched 
chains and resembles the amydose fraction of natural starch. 

EXPERIMENTAL 

Preparation of Polysaccharide — The substrate, glucose-1 -phosphate, was 
prepared by the action of potato phosphory'lase on starch and orthophos- 
phate and was isolated as the crystalline dipotassium salt. The polysac- 
charide was prepared in nine separate lots. The following describes the 
preparation of a typical lot: C.8 gm. of dipotassium glucosc-1 -phosphate, 
0.08 gm. of glycogen, and 0.19 gm. of cysteine hy'drochloride were dissolved 
in water and the pH adjusted to G.5 with HCI. The volume was made up 
to 140 cc. before 6 cc. of ciystalline muscle phosphory'lase containing 0.018 
gm. of protein were added. The addition of gly'cogen is necessary' for acti- 
vation of the enzy'me. Befoi'e the addition of the enzy'me a small aliquot 
was removed and analyzed for its glycogen content, a modified Pfiuger 
method being used ivith the precautions which are necessitated by' the pres- 
ence of glucose-1 -phosphate (11). Thus it was found that a total of 0.76 
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gm. of glycogen had been added in the nine preparations. After the mix- 
ture had been incubated for 18 hours at room temperature, the newly 
formed polysaccharide which had precipitated out spontaneously was sepa- 
rated by centrifugation and washed three times Yith large amounts of cold 
water. It was then dehydrated with alcohol and ether and dried at room 
temperature in a vacuum desiccator. The polysaccharide obtained in 
nine preparations was pooled; from phosphate analyses at the end of the 
incubation periods it was calculated that 15.2 gm. of starch had been 
formed. After the newly formed starch had been separated by centrifuga- 
tion at the end of the incubation period, the clear supernatant fluid gave a 
faint blue color reaction -with iodine in six, and no color reaction in three of 
the preparations. In the latter cases an aliquot was analyzed for glycogen. 
It was found that on an average only 10 per cent of the added glycogen 
could be recovered in the supernatant fluid, indicating that the remainder 
had been adsorbed on the starch. On the basis of these experiments it was 
calculated that the “muscle starch” included 4.5 per cent of glycogen. The 
nitrogen content of the polysaccharide was 0.27 per cent. Some of the cys- 
teine is oxidized to cystine during the incubation period. Cystine is poorly 
soluble in water, precipitates out, and so contributes to the apparent nitro- 
gen content of the polysaccharide. 

Properties — ^The polysaccharide was sparingly soluble in hot water and 
retrograded rapidly when the solution was cooled. It was soluble in warm 
0.75 N sodium hydrmdde but retrograded again when the solution was 
neutralized. Specific rotation, [ajn = -1-150'’ (in 1 n sodium hydroxide, 
c = 1). The analogous value for synthetic potato starch was -1-170'’ (3). 

Determination of Intensity of Blue Color with Iodine — A 50 mg. sample 
of dry powdered synthetic muscle pwlysaccharide was introduced into a 
50 cc. volumetric flask and wetted with 1 cc. of ethanol and 5 cc. of water. 
The sample was dissolved by adding 1 cc. of 10 per cent sodium hydroxide 
and heating on a water bath until a clear solution formed. The flask was 
cooled and its contents diluted to the mark. 

A 5 cc. portion (equivalent to 5 mg.) of the alkaline starch solution was 
introduced into a 500 cc. volumetric flask, about 100 cc. of water were 
added, and the solution slightly acidified with 3 drops of 6 N hydrochloric 
acid. 5 cc. of a 0.2 per cent iodine solution in 2 per cent potassium iodide 
were added, and the contents well mixed and diluted to the mark. The 
intensity of the blue color was then estimated with a IQett-Summerson 
photoelectric colorimeter. The 20 mm. glass cell and red No. K-66 filter 
furnished with the instrument were used. The photocolorimeter was 
adjusted so that the blank, which had a light j-ellow color due to the iodine, 
gave a reading of 0. In Table I the intensity of the iodine color given by 
sjTithetic muscle starch is compared with that given by other starches. 

Hydrolysis with P-Aniylase — solution of the polj'saccharide was 
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made bj' placing about fiO mg. in 50 rc. of water, iicating on the steam 
batli, cooling, and then filtering. 10 ec. portions of the filtrate, to which 
2 cc. of aeetatc InifTcr of pll 1.7 were addetl, were treated with 20 mg. of 
the enzyme, and (he volume diluted to 25 cc. Tiie mixture wn.s allowed 
to remain for -IS hours at 22° and the reducing value detennined a.s maltose 
(12). The /3-amyla.se wa.s prepared by the method of Ilanc.s and Cat- 
tle (13). The amount of starch originall.v j)re.‘-cnt in the .sample wa.s found 
by determining the gluco.sc oiitained wlien an alictuof wn.s hydrolyzed with 
1 N hydrochloric acid for an hour at 100°. On thi.s ba.si.«, it wa.s e.stininted 
that the synthetic muscle polysaccharide was hydrolyzed by |S-amylu.se to 
maltose to the extent of 97 per cent. Sec lable I. 

Aclivaltoti of Muscle Pliosphonjtasc by Diffcrcut Polymccbaridcs — S.ample.s 
of 24 mg. of the poly.saccharidcs were .stirred into 10 cc. of cold water, the 
mixture was heated to 100° for 10 minutes, cooled to 2.i°, filtered, and the 


Taiii.k I 

Degree of fi^Amylasc I/i/drolysis and Color Intcnsides irilh Iodine of Starch Fractions 


S.iniple 

! hydroIysU j 

1 Iodine color intrn'ity 


} fer cent 1 


Synthetic muscle starch 

97 

27S 

" potato "... 

1 9S j 

1 305 

Amylose 

. ! 100 I 

! 310 

Amyloamyloso (Samcc and Mayer)* 

' 100 

I 310 

Amylopectin 

. . i 54 I 

1 50 

Erythroamylosc (Samcc and I^Iaycr)* . 

. . ■ 54 j 

; 50 

Natural potato starch 

. . . i 04 j 

I 100 


* Snmec, M., and Mnyer, A., Kolloidchcm. Beihefte, 13. 273 (1921). 


glucose content of the filtrate wa.s determined after acid liydrolysis. The 
following value.s were obtained: potato amyloso (cnd-grouii content 0.3 per 
cent) 0.047 per cent, polysaccharide .synthesized by ])otato pliosidiorj'lasc 
0.085 per cent, polysaccharide .synthe.sized by nniselc iihosjjhoiylasc 0.013 
per cent. The activating effect of the.se .solutions on muscle pho.sphoiyla.se 
was compared ivith that of liver glycogen solutions of known concentra- 
tions. 'I he activating effect of 2 mg. per cent of glycogen could easily 
be detected. Araylose showed less than 10 per cent of the activating 
power of glj'cogen, which might have been due to a small admixture of 
amylopectin. The other two polysaccharides did not activate tlie enzyme. 
Green and StumpP showed that synthetic potato starch does not acti- 
vate potato phosphorylase. 

Acctylahon of Syyxthctic Polysaccharide — A .'■■ample of synthetic muscle 

‘ Green, D. E., and Stumpf, P. K., J. Biol. Chem., 142, 355 (1942). 
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polysaccharide was dried in vacuo at 80° and ground to a powder in a small 
Wilej' mill. The finel 3 ’’ ground material' weighing 14 gm. was placed in a 
beaker, stirred uith 30 cc. of ethanol, and then 400 cc, of 3 per cent sodium 
hj'droxide were added. The mixture was heated on a steam bath with 
stirring imtil a clear solution was obtained. The solution was cooled, 
neutralized uith dilute acetic acid, and the pob'saccharide precipitated b 3 ' 
the addition of an equal volume of alcohol. The precipitate was collected 
on a Buchner funnel, washed with alcohol, and the slightl 3 ' moist poty- 
saccharide transferred to a flask and stirred mechanicall 3 ' udth 200 cc. of 
P3'ridine, containing 2 cc. of water, for 24 hours. 200 cc. of acetic anh3^- 
dride were then graduall 3 ' introduced in the course of an hour. The mix- 
ture was then stirred at room temperature for 12 hours and then at 60° 
for 6 more hours. The viscous solution was diluted u-ith 75 cc. of glacial 
acetic acid and slowl 3 ' poured uith stirring into an e.xcess of cold water. 
The precipitate was washed until free of acid and dried in vacuo at 80°. A 
316 ^ of 83 per cent of the theoretical was obtained. The acetylated 
S3’nthetic muscle pob'saccharide did not produce a blue coloration irith 
iodine and was soluble in chloroform and acetone. 

Specific Rotation — (alo = +168’ (in chloroform, c = 1) 

Analysis— (CiHiOsCCHjCO),)™. Calculated. CHjCO 44.8 

Found. “ 44.5 

A sample of 1 gm. of the triacetate was deacet 3 ’lated b 3 ' e.xposmg it to 
15 cc. of 0.5 N alcoholic potassium h 3 ’dro.xide at room temperature over- 
night. The regenerated product was similar in its properties to the original 
S 3 mthetic pob'saccharide. It produced the same intensit 3 ’ of blue color 
when treated uith iodine and had the same specific rotation in 1 .\ sodium 
hj'droxide. Its solubilitj' in water was also similar to that of the original 
pol 3 'saccharide. 

Melhylalion — X sample of 17 gm. of the acet 3 'lated .S 3 ’nthetic muscle 
pol 3 ’saccharide was dissolved in 250 cc. of acetone and simultaneously 
deacetj'lated and meth 3 'lated at 55° with 100 cc. of meth 3 'l sulfate and 300 cc. 
of 30 per cent sodium h 3 'droxide. The reagents were added in ten equal 
portions at 10 minute inteiwals with vigorous stirring. Eight .subsequent 
mothylations were carried out bj- dissolving the partialh' methylated 
product in acetone and treating with meth 3 i sulfate and sodium h 3 'droxide 
as before. The methjiated polj'Saccharidc (9.8 gm., which corresponds 
to a 3 icld of 81 per cent of the theoretical) was then dissolved in chloroform, 
and the solution filtered, evaporated to a small volume, and repiecipitated 
h 3 ' the addition of petroleum ether. The final product was insoluble in 
both cold and hot water. 

Specific Rotation — [alo = +210° (in chloroform, e = IJ 
Analysis— (C,H,0!(OCH,).)m. Calculated. OCHj 45.6 

Found. “ 44.5 
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Tlic specific viscosity, 7?,p., ni 22° of a 0.4 per cent solution of the methyl- 
ated Byntliotic polysaceliaridc ifi jn-crcsol was 0.59. It seems best to 
refrain from a calculation of tlic apparent molecular weight according to 
Staudingcr’s formula, since it i.s quc.slional)le wlietlior or not the A'„ value 
(l.G X lO"*) which is considered reliahle for natural starches (M) can be 
used for an unbranched molecule. 

Hydrolysis of Mclhylalcd Syrilhclic Polysaccharide and Eslmalion of 
Cleavage Products — A sample of 8 gm. of the methylated poly.eacchnridp 
was boiled for S hours with 300 cc. of methanol, containing 1.7 per coat of 
dry' li.vdrogen chloride, under a reflux condenser. This converts the 

Tawlk II 


Hydrolysis Products of Methylated Synthetic Muscle Starch 
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Fraction 

No. 

WciKht 

refraction, 

H** 

Constants* 

OC», 

Tcira 

Tetra 

Tri 

Di 
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tm. 

! 


t'tr tint 1 

f'cr 

Sr% 1 

tn. j 

f<r cenl 

/rt. 

I 

1 

0.S94 j 

i 

1.4575 , 

(o) 1.4437 
(6) 1.45S7 

53.3 

8 

0.072 

0.822 


1 

II 

1.241 j 

1.4594 

(a) 1.4441 
(5) 1.4595 

52.6 



1.241 



in 

0.7S0 

1.4590 

(а) 1.4442 

(б) 1.4590 

52.4 



0.750 



IV 

2.531 

1 

1.4590 i 

(a) 1.4442 
(5) 1.4590 

52.0 



2.531 

1 



V 

1.249 

1.4598 

(o) 1.4443 
(61 1.4595 

52.0 

1 


1.249 



VI 1 

1.045 i 

1.4014 


51.0 



0.951 1 

1 



7.710 



1 

1 


7.544 


0.094 


* (a) and (b) are the n” values of the tetra and the tri portions, respectively! 
present in these fractions, as estimated from rotational data. 


methylated sugars which are set free on hy'droly'sis to the methydglucosides. 
The solution was neutralized with lead carbonate, filtered, and evaporated 
to diyness. The residue was extracted with cliloroform and after removal 
of the chloroform by evaporation, 8.31 gm. of material were obtained 
(90 per cent of theoretical ydcld). The methylglucosides were fractionally' 
distilled from a flask fitted with a fractionating column at a temperature 
between 90° and 190° and 10~^ mm. pressure. The fractions shown in 
Table II were obtained. 

The criteria established by Hii-st and Young (15) were employed to 
evaluate the amount of 2,3,4,6-tetramethylmethydglucoside in the pres- 
ence of 2,3,6-trimethylmethylglucoside. T his method consists of com- 
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paring the specific ro cations and indices of refraction of fractions obtained 
by distillation with mixtures of known composition. In the course of 
glucoside formation a mixture of a and j3 forms, which differ in their indices 
of refraction, is usually obtained. If glucoside formation is arrested before 
equilibrium is reached, there may be present an excess of the /3 forms of the 
mixed glucosides, which have lower refractive indices than those of the 
corresponding a isomers. In such a case the use of the refractive index 
measurements alone would lead to an inaccurate estimate of the proportion 
of tetramethylglucose present in the mixture. This difficulty is overcome 
by measuring both the specific rotation and the refractive index. Hirst 
and Young constructed two curves for this purpose. The first curve is a 
straight line obtained by plotting the nj,® against the la]p values of pure 
mixtures of tetramethyl-a-methylglucoside and tetramethyl-)8-methyl- 
glucoside. The second curve is a similar line obtained by plotting the 
”d*/I“]d values for pure mixtures of a- and jS-trimethylmethylglucosides. 
If the refractive index and the specific rotation of a mixture of tetramethyl- 
and trimethylmethylglucoside are knomi, their relative proportion can be 
estimated by reference to the two curves. By means of this procedure, 
it was found that Fraction I contained 0.072 gm. of tetramethylmethyl- 
glucoside. This amount of tetramethylmethylglucoside is equivalent (on 
the basis of 90 per cent recoveiy) to 0.076 gm. of tetramethylglucose. 

The synthetic polysaccharide was, however, cont amin ated ndth 4.5 per 
cent animal glycogen used in the synthesis for priming of the reaction. 
Methylated glycogen is known to yield on hydrolysis approximately 10 
per cent of tetramethylglucose. On this basis, when the 90 per cent re- 
covery is taken into account, 8 gm. of the methylated synthetic muscle 
polysaccharide contained 0.032 gm. of tetramethylglucose due to animal 
glycogen contamination. If this value is subtracted from the total 
0.076 gm., the tetramethylglucose obtained from the B3'nthetic polj'sac- 
charide becomes 0.044 gm., or 0.6 per cent. This proportion of end-group 
corresponds to a chain length of approximately 200 glucose units. 

Fractions II, III IV, and V contained only trimethylmethjdglucoside. 
The methoxyl contents agreed well nith the theoretical OCHj content of 
52.6 per cent. The identity of 2,3,6-trimethylmethj'lglucoside was con- 
firmed by isolation of crj-stalline 2,3,6-trimethjdglucose from the hj'droly- 
sis product of combined Fractions II to V. The inde.x of refraction and 
the methoxj’l content of 51.6 per cent of Fraction VI indicate that there 
is an amount of dimethj’lmethj-lglucoside present in the product of hj-drolj’- 
Bis of mothj’lated muscle starch which is approximatel}' equal to the fetra- 
methj’lmethj’lglucoside. Since methj-lated glj'cogen jnelds on hj’drolj’sis 
about 15 per cent of dimethjdglucose, it is estimated that roughlj* half 
of the methj’l derivative obtained must be due to glj’cogen contamination. 
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srMMAHY 

The })olyfi!icchaviclo Kynthesized hy t)ie nctieii of erysfallinc mtiFclephos- 
phorylaFc on RlucoP('-l-plio8j)Iui<<‘ is- similar iti properlirs to the polysac- 
charide syutlicsir.cd by potato phosphorylase and to the amylose fraction 
from potato starcli. It is spariiiRly soluble in water and rapidly retrogrades 
from solution; it produces a more intense blue color with iodine than do 
natural starches and in contrast to the latter is almost completely hy- 
drolyzed to maltose when treated with niyhnse. It does not activate 
muscle phosphorylase. 

On hydrolysis of the m(‘thylat<-d .synthetic imiscle jiolysaceharidc, O.G 
l)cr cent of fetramethylgluco.se (end-group) wius obtained. This propor- 
tion of end-grou]) corresponds to n chain h-ngth of approximately 200 
glucose units. The main product of hydrolysis was idenfifietl as 2,3,C-tri- 
mcfhylglucose. A small amount of dimethylglueose (le.ss than 1 per cent) 
was also present. 

It is concluded that .synthetic muscle ijolysaccharidc is made up of long 
unbranched chains in which the glucopyranose units arc joined by o- 
glucosidic linkages between the bst and -Ith carbon atoms. 

The writci-s arc grateful to Mr. W. 11. Dore for his interest and sugges- 
tions during the coui-sc of this investigation. 
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EFFECT OF INSULIN ON PYRUVIC ACID FORMATION IN 
DEPANCREATIZED DOGS*’ 

Bv ERNEST BUEDING, JOSEPH F, FAZEIUS, HERMAN HERRLICH, and 
HAROLD E. HIMWICH 

{From Ihe Medical Service of the Psychiatric Division, Bellevue Hospital, the 
Departments of Medicine, Psychiatry, and Chemistry, New York University 
College of Medicine, New York, and the Department of Physiology 
and Pharmacology, Albany Medical College, Albany) 

(Received for publication, December 28, 1942) 

In normal human subjects the administration of glucose produces an 
increase in blood pyruvic acid (1-3). In patients t\ith diabetes mellitus 
the rise in blood pyruvate under the same conditions is either delaj’ed and 
smaller or does not occur at all (2, 4). Insulin, administered to diabetic 
patients either simultaneously with glucose or several hours after glucose 
ingestion, produces a marked increase in blood pyruvate (2, 4). The pres- 
ent studies on the relation of insulin to the formation and disappearance of 
pjTuvate were conducted on completely depancreatized dogs. With such 
a preparation the effects of any residual functioning pancreas are elimi- 
nated. 


EXPERIMENTAL 

Depancreatized dogs were maintained in good condition on bovex, pan- 
creatin, and insulin for several weeks before experimentation. Insulin was 
withheld for 72 hours and food for 24 hours before each experiment. In 
order to avoid the increase in blood pyruvate caused by muscular contrac- 
tion the animals were given pentobarbital, 25 mg. per kilo, or less, 1 to 2 
hours before the observations were begun. Blood samples were taken from 
the femoral arterj'. Blood glucose and pyruvate were determined by 
methods used in previous publications (1, 5). 

Tynivic acid (Eastman Kodak, c.p.) used in these experiments was 
redistilled three times immediately before injection, appropriately diluted 
\vith ice-cold water, and then neutralized at 2-4° with NaOH to pH 6.4. 

Results 

In normal dogs (fasted for 24 hours) the intravenous injection of 2 gm. 
per kilo of glucose was followed by a significant rise in blood pyruvate (Fig. 
1). The maximum rise usually occurred 30 to 45 minutes after the injec- 
tion and the increase averaged about 100 per cent over the fasting values. 

* Aided by grants from the John and Mary R. Markle Foundation and the IVil- 
liams-Watcrman F und of the Research Corporation. A preliminary report has been 
piiblisiied (Science, 95. 282 (1942)). 
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Blood pyruvate failed to increase after a similar injection of glucose into 
the depancrealizcd dogs in observations extended over a period of 5 hours 
(Fig. 2). If insidin (crystalline insulin, F.Ii Lilly) was administered to de- 
pancrcatized dogs 90 to 120 minutes after the glucose injection, a marked 



Fia. 1. Blood pyruvic acid after the intravenous injection of 2 gm. per kilo of 
glucose into normal dogs. The corresponding blood sugar values (in mg- per cent) 
were as follows: Curve 1, 100, 675, 450, 294, 199, 152, 120; Curve 2 , 77, 473, 323, 222, 
136, 96, 69, 71; Curve 3, 78, 525, 409, 334, 246, 204, 97; Cun-c 4, 90, 440, 346, 257, 122, 
89, 88; Curve 5, 84, 612, 450, 290, 218, 169, 110. 



^•iNUT£5 


Fia. 2. Blood pyruvic acid after the intravenous injection of 2 gm. per kilo of 
glucose into depancreatized dogs. The corresponding blood sugar values (in mg. 
per cent) were as follows ; Curve 6, 258, 634, 3SS, 362, 314, 310, 322; Curve 7, 256, 498, 
455, 420, not determined, 350, 445, 404, 365; Curve 8, 300, 575, 475, 403, 348, 345, 300. 

elevation in blood pyruvate occurred which coincided tvith a drop in blood 
sugar (Fig. 3). 

When insulin w'as given together with glucose to the same depancreatized 
dogs, a rise in blood pyruvate was observed. This rise reached its maxi- 
mum from 1 to 3 hours after the first glucose injection. A second injection 
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of glucose alone 4 hours after the beginning of the experiment produced a 
second rise in blood pjTUvate (Fig. 4). \\Tien the same experiment was 
performed with the omission of insulin, no rise in blood pjTUvate occurred. 

Since with the hydrazone method a-ketoglutaric acid is determined as 
well as pyruvic acid, an attempt was made to differentiate these two keto 
acids. It was found that in contrast to pyruvic acid (5) a-ketoglutaric acid 
does not disappear when added to oxalated blood. Blood samples of four 



Fig. 3. Blood pyruvic acid after the intravenous injection of 2 gm. per kilo of 
glucose into depancreatized dogs followed by the intravenous administration of 
insulin 1 or 1 J hours after the glucose injection. The dotted line represents the blood 
pyruvate values after insulin. The corresponding blood sugar values (in mg. per 
cent) were as follows: Curve 9, 285, 650, not determined, 635, 435, 460, 440, 325, 295, 
272; Curve 10, 371, 786, 620, 567, 500, 470, 367, 290, 287, 233, 235; Curve 11, 240, 680, 
610, 500, 455, 408, 395, 317, 287, 264, 178, 240; Curve 12, 380, 775, 662, 572, 515, 478, 438, 
386, 324, 296, 225, 228; Curve 13, 316, 825, 718, 688, 634, 528, 508, 358, 316, 269, 226, 202; 
Curve 14, 376, 734, 657, 615, 538, 505, 435, 405, 363, 320, 281, 204, 180, 125; Curve 15, 
312, 665, 624, 546, 429, 398, 340, 288, 263, 201, 160, 124, 120. 

depancreatized dogs that had been injected with glucose were allowed to 
stand in 0.2 per cent oxalate for 30 minutes at room temperature before and 
after insulin administration. The blood pyruvate before insulin injection 
varied between 0.74 and 1.10 mg. per cent, and 1 hour after insulin between 
1.72 and 2.91 mg. per cent respectively'. TSTien the blood had stood in 
oxalate for 30 minutes at room temperature, the pyruvic acid content fell to 
values between 0.21 and 0.44 mg. per cent both in the samples before and 
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after insulin administration, indientinK that insulin did not produce arise 
in a-kctoglularic acid. 



Fic. -1. Blood pja'uvic acid after the simviltancous intravenous injection of 2 gm. 
of glucose per kilo and insulin (25 to 40 units) into dcp.ancroatizcd dogs folloircd lo 
the intravenous injection of jinolher 2 gni. per kilo of glucose. The dotted hue 
represents tlie blood pyruvic acid values after the second glucose injection. The 
corresponding blood sugar values (in nig. per cent) were as follows: Curve 1C (with- 
out thesccond glucose injoction).337, 725, •<•15.27!), 2-<3, 121,117, 128; Curve 17 (with- 
out the second glucose injection), 413, 815, 627. 462, 304, 230, 20S, 175; Curve 18, 
267, 568, 428, 327, 242, 214, 502, 386, 334; Curve 19, 340, 348, 348, 161 , 165, 394, 311, 252; 
Curve 20, 310, 452, 289, 235, 242, SSO, 384, 330; Curve 21, 372, 640, 565, 368, 215, 143, 
125,395, 310, 262, 232. 


When the blood sugar of a depancreatized dog was raised to between <0^ 
and 1000 mg. per cent by a continuous infusion (300 ml. of a 5 per cent solu- 
tion per hour after a preliminary injection of 3 gm. of glucose per kilo), 6D 
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Fig. 5. Blood pyruvic acid (left-hand scale) and glucose (right-hand scale) in 
mg. percent, after the intravenous injection (2 gm. per kilo) followed by continuous 
infusion (300 ml. of a 5 per cent solution per hour) of glucose into depancreatized 
dogs. 



Mrnolcs After Pyruvole Injeclion 

Fxq. 6. Blood pyruvate after the intravenous injection of sodium pyruvate (I 
gm. of pyruvic acid per kilo) into normal and into depancreatized dogs. Each 
curve represents the ai-erage of four experiments. 
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elevation in blood pyrnva(<' oecurred deaiiite tlie nb.«enee of insulin. Under 
the.se eonditious (he blood pyruvate roaehed a eonstant level mthin 1 or 2 
hour.s. In.sulin injected 5 houns after the .start of (he infusion produced a 
further ri.sc in pvruvate tog<!ther with a marked dccre.a,se in blood sugar 
(Fig. 

The rise in blood jiyruvate produced by in.sulin after glucose injection 
in depanereatized dogs may bo attributed to either an incrc.ascd formation 
or a decreased removal of pyruvate. Flock, Itollman, and Mann (C) have 
previously rcimrted that the utilization of pyruvate i.s the .same in normal 
and depancreatized animals. In agreement with the.se ohsen'ntion.s it was 
found that after the injection of 1 gm. of p\Tuvic acid (a.*; Na pyruvate) per 


TAiu.r. I 

Blood Pyruvic .-Ici'rf and Blood Sugar of Trained Dog Following Injection of Glucose 
[S Gm. per Kilo) before and after Pancrealectomy 



Before pancreatectomy 

After [uncrealcctomy, no jntslbMii 
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kilo there is no difference in its rate of disappearance from the blood in 
normal and in dcpancreatized animals (Fig. 6). In addition, in human 
subjects the rate of disappearance of pj'’ruvatc during insulin shock is the 
same as in the control experiment when pyruvate is injected into the same 
subject AA-ithout insulin administration (3). 

A dog trained to remain under basal conditions during the whole e.xperi- 
mental period Avas used in order to determine AA'hether pentobarbital anesthe- 
sia has an effect on the blood pyruvate leAml after glucose injection. The 
results obtained before and after pancreatectomj’’ are similar to those ob- 
serA^ed on the animals anesthetized AAuth pentobarbital (Table I). In addi- 
tion after glucose injection barbiturate anesthesia does not influence the 
rise in blood lactate in dogs (7) nor the increase of blood pyruvate in human 
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subjects.* It is, therefore, probable that nembutal anesthesia did not have 
any effect on the blood pyruvate levels reported in this paper. 

DISCUSSION 

An increase in blood pyruvate in vivo can be produced (1) by supplying 
large amounts of glucose and (2) by insulin. If glucose is supplied in 
amounts sufficient to maintain the blood sugar of depancreatized dogs at 
levels between 750 and 1000 mg. per cent, a moderate increase in pyruvate 
takes place even in the absence of insulin. In addition the injection of 
glucose into depancreatized dogs that had previously (4 hours before) 
received insulin and glucose produces a rise in pyruvate even without fur- 
ther insulin injection. On the other hand insulin, without the administra- 
tion of glucose, produces no increase even in large doses in normal (8, 3) or 
diabetic subjects (2). Insulin, therefore, increases the blood pyruvate in 
the depancreatized animal or diabetic or normal (3) subjects only if large 
amounts of glucose are supplied. 

Since the rate of disappearance of injected pyruvate from the blood is 
the same whether insulin is absent or present in normal or excessive 
amounts, the increase in blood pyruvate produced by insulin cannot be due 
to a decreased pyruvate removal. It is, therefore, concluded that after the 
administration of glucose to depancreatized dogs insulin increases the for- 
mation of pyruvic acid. This effect is also indicated by the observation 
that under aerobic conditions insulin increases the phosphorylation of 
glucose in vitro (9) ; i.e., insulin acts on a stage of carbohydrate metabolism 
preceding the formation of pyruvic acid. 

SUMMAKY 

1. In contrast to normal animals the injection of glucose (2 gm. per kilo) 
into depancreatized dogs does not produce a rise in blood pyruvate. 

2. If insulin is administered to depancreatized dogs together vith or 
shortly after the injection of glucose, a marked rise in blood pyruvate takes 
place. 

3. A moderate increase in blood pyruvate occurs in depancreatized dogs 
despite the absence of insulin if excessively large amounts of glucose are 
mjected. Under these conditions insulin produces a further rise in blood 
pyruvate. 

4. Since insulin does not decrease the removal of pyruric acid in depan- 
creatized dogs, it is concluded that insulin increases the formation of pjTUidc 
acid in vivo. 


* Unpublished observations. 
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THE ACID- AND BASE-BINDING CAPACITY OF HEAT- 
DENATURED COLLAGEN 

By EDWIN E. THEIS anp T. F. JACOBY 

(From the Biochemistry Division, Department of Chemistry, Lehigh 
University, Bethlehem) 

(Received for publication, November 28, 1912) 

TOien collagen strips are heated in the presence of moisture to tempera- 
tures greater than 60° (1), an irreversible shrinkage takes place. This 
shrinkage is said to be caused by the breakdown of the various cross chain 
linkages between the poIjTpeptide chains, thus brining about a general 
collapse of the chains upon themselves. 

The irreversible shrinkage of the collagen fiber may be caused by differ- 
ent agents, such as heat in the presence of water or by the action of various 
salts. The shrinkage of collagen has been rather extensively studied by 
Wohlisch (2), Meyer and Ferri (3), Grassmann (4), Kuntzel (5), Bray- 
brooks et ai. (G), Chater (7), and Theis and Steinhairit (1). The shrinkage 
of collagen might be compared with that found by Gotschlich (8) and Jen- 
sen (9) for frog muscle and termed by them thermal rigor. The writers 
believe that the shrinkage of moist collagen can certainly be termed heat 
denaturation. Bull (10) in a recent dissertation suggests that protein 
denaturation consists of an over-all process of three reactions; (a) denatur- 
ation proper, apparently an intramolecular rearrangement wherebj' certain 
groups not detectable in the native protein appear so in the altered one; 
(6) flocculation preparatory to coagulation; and (c) formation of an in- 
soluble coagulum. Bull points out that much confusion exists regarding 
the titration emwes of heat-denatured proteins. Loughlin (11) claims that 
the titration curve for heat-denatured protein is identical with that for the 
native protein. Chow and Wu (12) maintain that a real difference exists, 
lilichaolis and Davidsohn (13) indicate that the isoelectric point of de- 
natured protein is higher than that of the native protein. Bull po.stulates 
that this difference cannot be great and that the lack of difference argue.s 
against any gi'oat destruction of the zwitter ion structure. Ho further 
indicates that heat denaturation causes a change in pH at certain pH 
values. Hendrix and Wilson (14) claim a considerable decrease in both 
acid- and base-binding capacity of the coagulated protein as contrasted 
with the native protein. Cohn, McAIeekin, Edsall, and Blanchard (15) 
have suggested that the carho.xyl and amino groups may come within the 
sphere of attraction of each other and tints reduce the zwitter ionic charac- 
ter. Jordan-Lloyd and Shore (10) point out that the value of the isoclec- 
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trie point of !v proioin (iopciuifi not only upon the numhor hut niso upon the 
proximity and spaco arratiRoment of tlio cfiarped groups. Tlius denatura- 
tion may cause such a cliangc in molecular configuration n.s to change the 
isoelectric point of tlie protein dra.stically. 

Mirsky and Pauling (17) point out that reagents wliich cause denatura- 
tion arc all suhrttancc.s wliich afTect Igvdrogcn bond formation. Tliese 
reagents form hj'drogen bonds with the jirotein side chains and thus pre- 
vent them from combining with each other and in that way altering the 
structure of the native protein. These workers indicate that acids act by 
sujrply’ing protons individually to the elect ronegative atom which would 
otherwise share protons, and bases act by removing from the molecule the 
protons needed for hydrogen bond formation. Mirsky and Pauling then 
suggest that this conception provides the explanation of the fact that the 
isoelectric point of the jwotcin shifts toward the neutral point on denatura- 
tion. Since in the native protein molecule some amino and carboxyl side 
chains arc paired together by forming hydrogen bonds, the acid-base 
properties of the molecule are thus defined by the groups which are left 
free. Upon denaturation some of these paired groups are freed, amino and 
carboxyl groups in equal numbers, and ns a consequence the isoelectnc 
point of the denatured protein is shifted toward neutrality. 

EXPERBtEXTAL 

Denaturation data covered in the literature are usually those for the 
soluble or globular proteins. It is therefore of real interest to determine 
the acid- and base-binding capacity of lieat-dcnaturcd collagen. Stops 
of collagen prepared from goatskin were placed in distilled water, and the 
water sloxvly warmed to 70° (irreversible shrinking takes plaee at 60°). 
After 5 minutes at this temperature the strips were removed and the surface 
dried. Exactly 1 gm. of the denatured collagen was placed in 100 ml. 
of the proper acid or base solution made 0.1 x witli respect to potassium 
chloride. The collagen-acid or collagen-base sj’stems were allowed to 
attain equilibrium at 20°. The equilibrium period for those systems in the 
pH range 2 to 11.5 was 72 hours. For the systems having a pH value o 
less than 2 and greater than 11.6, a 20 hour equilibrium period obtained. 
This shorter period was necessary^ to minimize hy^drolysis, as has been pre- 
viously shown (18). Similar experiments were made vdth untreate 
collagen. 

The pH at equilibrium was obtained through the use of a Beckman glnss 
electrode assembly with the regular electrode in the pH range 1 to 9 nn 
the special alkaline electrode at pH values greater than 9. The collagen 
strips were removed and pressed several times between porous filter papei 
at 8000 pounds per sq. in. This pressing was continued until no moisture 
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showed upoD the filter paper. McLaughlin and Adams (19) have shown in 
their published work and in personal communications that such pressing 
substantially removes all free water and all free electroljde, leaving behind 
the bound water and bound acid, base, or salt. Their work upon the fix- 
ation of chromium salts is not only of real interest but of fundamental 
importance for those interested in the estimation of acid or base fixation 
by fibrous proteins. After pressing, the collagen strips were allowed to 
air-dry and were then ground in a small Wiley mill to a 60 mesh powder. 
The methods (18) used for the analysis of nitrogen, acid, or base have been 
fully described premously. 



Flo . 1 . The acid- and base-binding capacity of n.itive and heat-denatured collagen 


Results 

Kg. 1 shows in graphical form the data taken. Curve A of Fig. 1 repre- 
seiits the acid- or base-binding capacity of the native collagen, while 
Curve B represents that of the heat-denatured collagen. The trend of the 
two curves might be interpreted somewhat as follows: 

L This particular native collagen showed an isoelectric point at pH 
6-3,’ while the heat-denatured collagen showed an isoelectric point at pH 
L5- This fact would substantiate Mitsky and Pauling’s (17) suggestion 
that the isoelectric point of the protein shifts toward neutralit 3 ’ upon de- 
naturation. It would also indicate that, upon denaturation, the basic 


It IS to be noted that this particular titration curve appears somewhat different 
fom that given earlier (IS). The values in the pH range 5 to 9 vary with the prepa- 
ra ion of coliagen. This particular collagen was prepared by subjecting the goatshin 
0 an unhairing solution made up of hydrated calcium hj’droxidc and water. Such 
reatment alters the collagen and decreases the isoelectric point (20). 
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groups of llio collngen appear sfrongor and seem to pln 3 ' a more predomi- 
nant r61c in tlic titration. 'I'hi.s sliift in isoelectric point upon dcnatiiration 
is verv positive in nature, causing a {lispincement of the curve to the more 
alkaline region by sonic 1.2 unit.s of pll at the isoelectric point. 

2. Cun’c A is the t.vpical titration ctin'c ns shown in a previous work, 
showing 0.S7 inilliequivalent of acid bound per gin. of protein, a plateau 
in the pll range 7.0 to 9.5, and a inaximuni ba.sc-binding capacity of 0.3S 
niilliequivnlcnt per gm. of protein. 

3. Cun-e B, representing the acid or base binding of heat-denatured 
collagen, shows practically the .‘•nine ninxiinum acid- or base-binding power 
as that .shown by Curve A. However, Cun’c B indicates a difTcrencciu 
acid- or base-combining abilit.v in the pll range 4.5 to 10.0. In this partic- 
ular zone, the dcnatiu'cd collagen .shows increased aviditj* for hydrochloric 
acid and a decreased base-binding iiowcr. These data lend support to the 
idea that heat denaturation gives some .‘:light increase in strength to the 
t itratablc gi'oujis rather than in their number-. It would further appeal 
that the strength of the basic gi-oups is materially incrc.a.sed, while thato 
the acid groups is decreased. 


Discir.ssio.v 

Contrai'.V’ to the findings of I.ougblin (11), the present writci-s findtha 
the trend of the titration cuito for denatured collagen is quite differcii 
from that for the native collagen. In agreement with the findings o 
Micbaelis and Davidsolm (13) and IMirsky and Pauling (17), the data shoi 
the isoclecti'ic point of the denatured collagen to be higher than thatol 
taining for the native collagen. Again, those data indicated approximate! 
the same maximum acid- and base-binding capacities, contrara' to th 
claims of Hendrix and Wilson (14) for coagulated egg albumin. 

IMuch confusion exists regarding the tei-m denaturation, as pointed on 
b}^ Kendall (21). Kendall questions the value of the usual definition £ 
“any protein which has had its solubility changed as a denatured protein. 
The writere are aware that the present literature pertains mostlj’ to tli 
denaturation and coagulation of globular proteins and not to the fibroi 
ones. Manj’ investigators have indicated that coagulation of a sphericJ 
protein tends to produce a crystalline structure. Kendall suggests tin 
it would perhaps be desirable to use another term for the changes in nivosi 
in the contraction of muscle, while iMirsky (22) believes the mention of tl 
kind of denaturation would suffice. 

In the case of the supercontraction of collagen, undoubtedly we have 
change in molecular configin-ation. It is e.xtremely probable that diuii 
the collapse of the collagen stracturc upon itself there is a breakdovm ' 
the then existing structural cohesion forces with subsequent reformh 
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of other linkages. Since in the case of the present investigation the colla- 
gen ivas denatured in the isoelectric zone, a change in zwitter ion configura- 
tion might well have occurred. Such a change might very well he the 
conversion of certain electrovalent salt linkages to coordinate ones. Such 
a structural change might then indicate a change in the acid- or base- 
binding capacity of the denatured protein in the isoelectric zone but not in 
the strong acidic or basic region, since such a structural change is said to 
be reversible in nature. Such reasoning is in line wth the expressed ideas 
of Cohn, McMeekin, Edsall, and Blanchard (15) and of Jordan-Llo 3 "d (16). 

SUMULARY 

Speciallj' prepared collagen was denatured by allowing contraction to 
occur in the presence of moisture at 60°. Tlie acid- and base-binding power 
of the heat-treated collagen was determined bj' methods premouslj’’ de- 
scribed. 

It was found that the heat-denatured coUagen had approximately the 
same maximum acid- and base-binding capacit}’ as that of the original 
native collagen. It was further found that the isoelectric point of the de- 
natured collagen had shifted to a more alkaline point, that more acid was 
fi.xed in the pH zone 4.5 to 7.5, and less base was fixed in the region pH 
7.5 to 10.0. The data presented are in certain cases contrary to data found 
in the literature for denatured and coagulated globular proteins. The heat 
denaturing of collagen is compared with that taking place during the con- 
traction of muscle. 
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THE DETERMINATION OF VITAMIN Be (PYRIDOXINE) IN 

FOODS 


By albert E. BINA, JAMES M. THOMAS, ani> ELMER B. BROWN 
(From the Anheuser-Busch Laboratories, St. Louis) 

(Received for publication, January 14, 1943) 

Chemical methods for the determination of pyridoxine based upon the 
phenolic nature of the vitamin and also studies made upon the reactions of 
other portions of the molecule that give color reactions have been pub- 
lished. Scudi, Koones, and Keresztesy (1) used a modification of the 
Gibbs (2) phenol test and employed 2 , 6-dichloroquinonechloroimide. This 
reagent in the presence of vitamin Be and a veronal buffer produces a blue 
color which obeys Beer’s law. Bird, Vandenbelt, and Emmett (3) pub- 
lished a modification of this method introducing the use of Superfiltrol to 
adsorb the vitamin Be (siniilar to the use of Clarite employed by Swami- 
nathan (4)). However, owing to some imknown interference, neither 
Scudi’s method nor its modification has yet proved generally applicable to 
food materials for the determination of vitamin Be. 

Swaminathan developed a method for the determination of pyridoxine 
which he found generally applicable to biological materials. In this 
method, Swaminathan employed diazotized sulfanilic acid or the phenolic 
reagent to produce characteristic colors with vitamin B$. These reagents 
are not specific for pyridoxine but depend upon the complete removal of 
interfering substances prior to treatment with this reagent. The values 
published by Swaminathan for various foods agree well with those obtained 
by a bioassay method developed by Waisman and Elvehjem (5). The 
chief drawback to Swaminathan’s method is the fact that it is quite complex 
and that the extracts require many manipulations and treatments involving 
large volumes of solutions before they are free of interfering substances and 
ready for colorimetric reading. 

The method described in this paper is designed to overcome many of the 
inherent difficulties existing in the present methods for the determination of 
■vitamin Be. It considerably reduces the volumes of solutions used and 
manipulations employed in freeing the extract of interfering substances as 
compared to Swaminathan’s procedure and gives a final extract in which 
the color complex formed is very stable. 

licagcnls Required — 

1- A solution of papain and taka-diastase in acetate buffer of pH 4.5 made 
up so that 5 ml. contain 0.2 gm. of each enzj’me. This solution should be 
prepared just before use. 

Ill 
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2. Acetate buffer. 54.4 ml. of placial acetic acid anrl 1 1 1 Rin. of hydrated 
sodium acetate crj'stals di.‘'Holvod and diluted to 1000 ml. 

3. A solution of 25 per cent .codium tunpHtate. 

4. A solution of alkaline ethyl alcohol made by dissolvinp I pin. of sodium 
hydroxide in 200 ml. of redistilled ethyl alcohol, 'I'hc sodium hydroxide is 
added to the alcohol and heated slowly with .stirrinp. ;\ftcr the alk.ali is 
dissolved, the solution is allowed to cool .slowly to room temperature, mad'- 
up to 200 ml. with ethyl alcohol, and filtered clear. IJiion sfanditip any 
length of time, this solution will become turbid and, therefore, .should be 
used soon after it is prepared. 

5. A solution containing 12 ml. of glacial acetic acid, reagent grade, in 
100 ml. of water. 

G. A solution containing 50 gm. of hydrated .^odium acct.ate cry.st.al.s in 
100 ml. of water. 

7. A solution containing 5.5 gm. of anhydrous sodium carbonate in IW 
ml. of water. 

8. A solution containing l.G gm. of sulfanilic acid in .500 ml. of .soliitirm y 
made by dissolving 1.0 gm. of sulfanilic acid in 400 ml. of di.‘’til!ed water 
containing 45 ml. of concentrated hydrochloric acid and then diluting to 
500 ml. 

9. A solution containing 10 gm. of sodium nitrite in 100 ml. of water. 

10. Diazotizod reagent. 2.5 ml. of the sulfanilic acid .solution are 
pipetted into abrown 25 ml. gla.ss-.stoppcred graduate and then placed in an 
ice bath. After 5 minutes, 0.4 ml. of a 10 per cent .«olution of sodium nitrite 
is added, mixed, and made up to 10 ml. witli water. Tlie solution i.s made 
fresh just before use and kept in the ice bath. 

11. A standard .solution of pyridoxinc containing 100 y per ml. This 
solution should be made slightly acid and stored in a brown glass flask. A 
daily working standard containing 10 y per ml. is prepared from this solu- 
tion. 

Reagent 9 should be made up fresh once a mouth. 

Reagents 8, 9, and 11 arc stored in the ice box. 

Method 

A sample of material of from 1 to 5 gm. is weighed into a 125 ml. Erlon- 
meycr flask and 70 ml. of 0.04 n H-SO, arc added and mixed. The suspen- 
sion is autoclaved at 15 pounds pressure for 30 minutes, cooled, and a 
buffered solution containing 0.4 gm. of a mixture of equal parts of taka- 
diastase and papain added. I’lie taka-diast use-papain solution is prepared 
by dissolving 0.2 gm. of each of the enzymes in 5 mi. of acetate buffer 
solution, pH 4.5. The enzyme-treated extract is incubated at 40^’ for 2 
hours, then transiijrred to a 250 ml. centrifuge bottle, and centrifuged for 5 
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minutes. The extract is decanted into a 125 ml. Erlenmeyer flask and the 
residue washed mth 15 to 20 ml. of distilled water and again separated in 
the centrifuge. The combined extract and washings are adjusted to a pH 
of 7 with concentrated sodium hydroxide, then diluted to 100 ml. Aliquots 
of this extract are used for further treatment. 

An aliquot of this extract (usuali3' 35 ml.) is measured into a 50 ml. glass- 
stoppered centrifuge tube and 2 ml. of 25 per cent sodium tungstate solution 
added, followed by 0.5 ml. of concentrated .sulfuric acid. The contents are 
mixed by inverting the tube a few times and then let stand 5 minutes. 
After being centrifuged 2 to 3 minutes, the extract is decanted into another 
centrifuge tube and the precipitate is washed \rith 5 ml. of water, centri- 
fuged, and the washing added to the extract. A sUght turbiditj' at this 
point can be disregarded. The extract is adjusted to approximate!}' pH 3 
with saturated sodium hj'droxide, bj' means of the glass electrode. If a 
precipitate forms, this should be centrifuged out. To this solution 0.5 gm. 
of Superfiltrob is added and the mixture let stand for a period of 30 minutes. 
The tube is inverted at inteiwals to .smspend the Superfiltrol, then centri- 
fuged, and the extract discarded. The Superfiltrol containing the vitamin 
Bt is now washed twice with 15 ml. portions of Mcllvaine’s buffer solution 
of pH 3. and the washings discarded. The last wa.shing Is carefulh' de- 
canted so that the Superfiltrol contains the least possible amount of water. 

To the tube containing the Superfiltrol, 20 ml. of 0.5 per cent alkaline 
ethyl alcohol are added and shaken, and the tube is then placed in a water 
bath at 60-65° for 30 minutes. During this time the tube is whirled several 
times to disperse the Superfiltrol through the eluent. After cooling, the 
tube is centrifuged and the eluate is decanted off into a 50 ml. beaker and 
the Superfiltrol washed with 5 ml. more of the alkaline alcohol solution, 
centrifuged, and the washings added to the beaker. The pH of the com- 
bined eluate in the beaker is now adjusted to e.xactly pH 7.3 u-ith acetic acid 
.solution. Reagent 5, bj' means of the glass electrode.- After neutralization 
the solution is diluted with redistilled alcohol to the desired volume and 
filtered clear through No. 202 Reeve Angel filter paper into a glass-stopp)ered 
bottle. 10 ml. portions of this solution, containing from 10 to 20 7 of 
vitamin Be, are used for the color determination. 

Color Determination with Diazotized Sidfanilic Acid — To 10 ml. of the 
above solution, 4 ml. of sodium acetate solution. Reagent 6, are added and 
then 2 ml. of distilled water. This is followed b\' 1 ml. of the diazotized 
reagent and 2 ml. of 5.5 per cent sodium carbonate. Reagent 7. The solu- 
tion is mixed gently after the addition of each leagent. 15 ml. of this 
.solution are placed in the cuvette and the color read. 15 ml. of di.stilled 

' Obtained from the Filtrol Corporation, Los Angeles. 

’ A Beckman pH meter, laboratory model, was used with the c\temal electrode*. 
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water are used to set the machine to zero extinction before the readings are 
made. To a second 10 ml. portion of sample, 1 ml, of standard containing 
10 7 of vitamin Bo is added, treated, and the color measured as with the first 
portion. A blank is made by using 10 ml, of extract, 3 ml. of water, 4 ml. of 


Table I 

Vitamin Be Content of Some Food Materials 


Dried brewers’ typo yeast, Sample 1 

yferta. 

Cl. 5 

It II II II II 9 

75 

II II II II If ^ 

GS 

II II II II II 4 

C5 

Dried bakers’ j'cast 

05 

Liquid yeast extract (sp. gr. 1.2) 

13S (1G6 y per ml.) 

Rice bran concentrate (commercial sample) 

137 (ICS" “ " ) 

Ground soy beans 

12 

Dried beef liver 

80 


Table II 

Jtccovcry of Added Vitamin Be 


Material 

Found 

Rtcovery 

loo y crystalline pyridoxino hydrochloride 

y 

9G 

per cent 

9G 

1 gm. brewers’ yeast 100 y vitamin B» 

170 

97 

1 “ “ " “ -i- 100 " " " 

172 

98 

0.5 ml. rice bran concentrate -b 100 y vitamin Be 

177 

96 



sodium acetate solution, and 2 ml. of 5.5 per cent sodium carbonate sol- 
ution. 


A 

B 


Blank (C) 
Then, 


extinction coefficient of 10 ml. of extract -f 2 ml. of water -f 4 ml. of 
sodium acetate + 1 ml. of dinzotized sulfanilic acid -1- 2ml. of sodium 
carbonate 

extinction coefficient of 10 ml. of extract + 1 ml. of water -p 1 ml. of 
standard solution containing 10 y of vitamin Bj -h 4 ml. of sodium 
acetate + 1 ml. of diazotized sulfanilic acid -p 2 ml. of sodium 
carbonate solution 

extinction coefficient of 10 ml. of extract -1- 3 ml. of H-O + 4 ml. of 
sodium acetate solution -}- 2 ml. of sodium carbonate solution 
A — extinction produced by 10 y of vitamin Bj (D) 

A — C= extinction produced by 10 ml. of extract (_E) 

(10 X £l)/25=vitamin Bt in 10 ml. of extract 


Vitamin Bs in 10 ml. _ 

— r~~~L — — IT — 1 — 7 — : — : = micrograms per gm. of vitamin B( 
Gm. of material in 10 ml. of extract <= r & 
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Although some of the materials tested yielded hi^y colored vrater^- 
tracts, the Bnal alcoholic solutions had extremely low blank values. The 
data are given in Tables 1 and 11. 

StJMMABT 

The method we present for the determination of pyrridoxine consists es- 
sentially in the extraction and hydrolysis of the vitamin material with 
dilute acid and enzyunatic digestion, treatment with sodium tungstate to 
remove protein and interfering substances, adsorption of the pyridordne on 
Superfiltrol at pH 3, selective elution of the vitamin with alkaline alcohol, 
conversion of the vitamin Be into an azo dye with diazotized sulfanihc acid, 
and measurement of the color produced by means of the fluorophotometer. 
A Pfaltz and Bauer model A fluorophotometer, with a combination blue and 
yellow filter, was found suitable for this purpose; an iris diaphragm setting 
of approximately 20 was used. A blank determination is made by using 
an diquot of the extract with all of the reagents except ^azotized sulfa- 
nilic acid which is replaced by 1 ml. of distilled water. 

The method we use for the hydrolysis and extraction of the sample is 
considered sufficient to liberate any vitamin Bs that might be hound in 
chemical combination, without destruction of the vitamin, Swaminathan 
employed only pepsin digestion, but for an extended period of 24 hours, for 
the liberatiou of the vitamin Be in Ids method. We believe, however, the 
use of a mild hydrolysis followed by enzymatic digestion of the material is a 
better extraction procedure than either acid hydrolysis or enzymatic diges- 
tion used alone. Scudi (6) reported higher values for vitamin Be on rice 
bran extract after hydrolysis than were obtained by analysis on the ori^al 
extract. He interpreted this to be due to a condensation product involving 
2 molecules of vitamin Be. 

We have found alkaline alcohol to be an efficient solvent for the elution 
of vitamin Be and more suitable for this purpose than any’ of the treatments 
heretofore described. By the use of this solvent in the elution step, treat- 
ment of the extract with barium hydroxide, silver mtrate, and sodium 
nitrite is not necessary. The high specificity of this solvent for pyridoxine 
c.\traction from the Superfiltrol is readily shown by maldng the elution irith 
barium or sodium hydroxide and comparing the results obtained. In the 
first case, interfering substances are not eluted to produce interference in the 
color development, while if the elution is made with barium or sodium hy- 
droxide, with no other purification step, the color produced with the diazo- 
tized reagent wiU be an mtense reddish brown instead of the characteristic 
yellow color obtained with pure pyridorine. This shows that chromogens 
other pyrido.xinc are adsorbed on the Superfiltrol and are eluteri with 
the pyridoxine by the solvents employed in other methods. Recovery ex- 
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periments show that the pj'ridoxine is completely removed from the 
Superfiltrol bj' the alkaline alcohol. 

The color produced by the diazotized sulfanilic acid and vitamin Bt under 
the conditions of the procedure described is remarkably stable and differs in 
this respect from the color obtained bj’ Swaminathan using the same reagent 
under the conditions of his procedure, who rcjjorted that the color produced 
begins to fade after 5 minutes. We find that the intensity of the color os 
developed by our procedure had diminished only 15 per cent after the 
material had stood 24 hours at normal conditions of light and temperature. 
The color produced in Scudi’s method i.s also unstable and requires 20 
minutes to reach a maximum. 

The results obtained on materials tc.sted by this method arc in good agree- 
ment with those obtained by Swaminathan’s method and Elvchjem’s new 
bioassay method as reported by Waisman and EIvcIijem (5). A direct 
comparison has not been made with Sciidi’s (C) results but recently this 
author published a paper in which values for rice bran concentrate were 
given. He obtained an average value of about 130 y per gm. We find a 
value of 138 y per gm. on a commercial rice bran extract by o\ir method 
(a value of 150 y per ml. was claimed on the label; we found lOS y per ml.). 
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THE ROLE of MYOKINASE IN TRANSPHOSPHORYLATIONS* 

I THE ENZYMATIC PHOSPHOEYLATION OF HEXOSES BY ADENYL 
PYROPHOSPHATEt 

By SIDNEY P. COLOWICK.and HERMAN M. KALCKAR 
{From the Department of Pharmacology, Washington University School of Medicine, 

SI. Louie) 

(Received for publication, January 11, 1943) 

The enzyme which cata^'zes the phosphorj'lation of glucose and fructose 
was described in 1927 by Meyerhof (1). He found that muscle extracts 
which split polj'saccharides and hexose phosphates to lactic acid but were 
unable to ferment hexoses could be enabled to ferment glucose and fructose 
by addition of a protein fraction from bakers’ yeast. The same protein 
fraction activated the aerobic oxidation of hexoses in the hemolysate from 
red cells (2). The yeast protein was named hexokinase to indicate that it 
initiates the metabolism of hexoses. 

The nature of the hexokinase reaction was revealed by studies of von 
Euler and Adler (3) and of hleyerhof (4) in 1935. Von Euler and Adler 
observed that the crude hexose monophosphate dehydrogenase {Zwischm- 
fermeni) obtained from yeast by Warburg and Christian in 1933 (5) was 
able to oxidize not only hexose monophosphate but also unpbosphorylated 
glucose and fructose, provided that adenosine triphosphate was added to 
the system. Von Euler and Adler showed that the action of adenosine 
triphosphate was due to an enzymatic transfer of the labile phosphate 
groups of this nucleotide to glucose or fructose, thus forming hexose mono- 
phosphate, the substrate to be oxidized. Tire yeast enzyme catalyzing 
this phosphate transfer was called beterophosphatese. 

Meyerhof (4) subsequently showed that the hexokinase, too, catalyzes a 
transfer of phosphate from adenosine triphosphate to glucose. This ex- 
plains the action of hexokinase on the fermentation of monohexoses in 
muscle extracts, since small amounts of adenyl pyrophosphate are formed 
continuously as soon as the fermentation is started and the limiting factor 

• This work was supported by a grant from the Rockefeller Foundation. 

t Part of this paper has been presented at the Twenty-eighth meeting of the 
.American Society of Biological Chemists at Chicago, 1941 , and at the Symposium on 
Uespir-atory Enzymes at the University of Wisconsin, September, 1941. (C/. Cori, 
F., in Symposium on respiratory enzymes, Madison, 182, tables 4 and 5 (1941)! 
Cf. also Colowick, S. P., and Kalckar, H. M., J. Biol. Chem. ,1Z1 , 789 (1941)). 

From the thesis presented by one of the authors (S. P. C.) to the Board of Grad- 
uate Studies, Washington University, in partial fulfilment of the requiremenU for 
the degree of Doctor of Philosophy. 
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therefore is the phosphate-transferring enzyme (hexokinnse, hetcrophos- 
phatese). The phosphate transfer was tentatively formiilntccl as follows: 

(1) Adenosine triphosplmlo 2 hexose -» adenylic acid -f 2 hoxoso inonophosplmte 

In the present paper a detailed study of the enz^-matic transfer of phos- 
phate from adenyl pyrophosphate to hexose with respect to phosphate 
donor, phosphate acceptor, reaction products, and catalysts has been made. 
It was found that, in the presence of yeast hexokinase, the pyrophosphate 
of adenosine triphosphate is degraded only one step according to the 
equation, 

(2) Adenosine triphosphate -f- hexose— * adenosine diphosphate -h hexose monophos- 

pbnto 

Apparently only the triphosphorj'latcd adenosine acts ns phosphate donor 
in this system. It was furthermore found that adenosine dipho-sphatc can 
be made available for phosphorjdation of hexoscs if there is added to the 
he.xokinnse system an enzjTne prepared from skeletal muscle. Tliis cnz 3 Tne 
has been named myokinasc because skeletal muscle has been found to be b)' 
far the best source. Some properties of this new enzj'me will be described 
in the experimental section. 

Methods 

In the studj' of the reaction catalj’zcd bj’ hexokinnse, the acid-labile 
phosphate groups of adenosine di- and triphosphate were measured by 
analysis of trichloroacetic acid filtrates for inorganic phosphate (C) before 
and after an 11 minute hj'’drol}'sis in 1.0 n H-SOa at 100°. The disappear- 
ance of acid-labile P when glucose was omitted (due to hydrolj’sis of aden}'! 
pyrophosphate to aden 3 dic acid and inorganic phosphate b 3 ' the enz 3 TOe 
adenylp 3 Tophosphatase) was insignificant during short periods of incu- 
bation. 

The hexokinase reaction can also be folloAved manometricall 3 ', since the 
transfer of 1 mole of P from adenosine triphosphate to glucose results in the 
liberation of 1 acid equivalent. This is due to the change from an alcohol- 
OH linkage (undissociable) in the glucose molecule to an acid-OH linkage 
(dissociable) in the adenosine diphosphate molecule. 

0 0 0 0 

II II II II 

R — OH -h R' — 0— P— 0 — P — 0 — P—0- — » R — 0 — P— 0" -h 

I I 1 i 

0 - o- o- o- 

Glucose Adenosine triphosphate GIucose-6-phosphate 

0 0 

II II 

R'_0— p—o— P— 0- + H+ 

1 I 

o- 0 - 

Adenosino diphosphate 
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Smularly, transphosphorylation from adenosine diphosphate to glucose also 
results in the liberation of 1 acid equivalent. 

The manometiic experiments rrere carried out as follows: A Warburg 
vessel, the side arm of which contained 0.2 ml. of 0.04 m adenyl pjTophos- 
phate (sodium salt, pH 7.5) and 0,2 ml. of 0.04 m NaHCOj, and the main 
compartment of which contained 1.2 ml. of the enzyme solution, 0.02 sr 
NaHCOi, 0.02 si glucose, and 0.01 si MgClz, was filled with 5 per cent 
COr95 per cent Nj (pH 7.5), After equilibration at 30° for 5 minutes, the 
stop-cochs were closed and the contents of the side arm and the main com- 
partment were mixed. The COj evolved was a measure of the amount of P 
transferred from adenyl pyrophosphate to ^ucose. It should be pointed 
out that the COi evolved is equivalent to the P transferred only at a pH of 
7,5 or higher. At lower pH values, the newly formed acid group is only 
partially dissociated and consequently only a fraction of the calculated 
amount of COj is liberated. 

A third method of following the hexokmase reaction is based on the pH 
change which occurs when the reaction is carried out in weaHy buffered 
solutions. The pH was determined with a glass electrode at the beginning 
of the experiment and at various intervals after the addition of glucose. 
Although the pH changes cannot be interpreted quantitatively, the method 
is convenient for the rapid determination of the relative activity of various 
cnziTne preparations. 


Materials 

Hexakimse — The method described Meyerhof (1) for the preparation 
oi hexokinase from bakers' j'east was used. The JMeyerhof preparation 
was fractionated with ammonium sulfate and the fraction precipitating 
between 50 and 75 per cent saturation was dried in vacuo in the cold and 
stored in a desiccator. The drj' powder may be kept for months without 
loss of hexokinase activity. 

HpHnase— Babbit skeletal muscle was cooled, ground, and extracted 
twice iviih 2 volumes of water. After centrifugation the muscle extract w-as 
acidified with 0.05 volume of 1.0 n hydrochloric acid and heated on a water 
ath to a temperature of 90°. After 1 to 2 minutes at this temperature the 
. ®a\-ture was cooled lapidlj’^ and then neutralized to pH 6.5 with 2 k 
a lum hydroxide. A large precipitate was formed which was removed by 
1 tmtion. To the supernatant fluid, which contained about 0.1 per cent 
protem, was added ammonium sulfate to about 80 per cent of saturation 
, Paecipifated protein was filtered off and dissolved in water (about 
luO ml. for 0.4 gm. of protein). 

Admylic Add Deaminase — ^This enzyme w-as prepared according to the 
ions of Schrmdt (7). Rabbit muscle was ground and washed repeat- 
) Wit o.gg pgj sodium chloride. The washed residue was then 
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shaken for several hours with 2 per cent sodium bicarbonate solution and 
filtered. This enzyme preparation still contained small amounts of myoki- 
nase. In order to remove the remaining myokinasc, 0.05 m acetate buffer 
(pH 5.0) was added to the solution of deaminase until the pH was about G. 
The resulting precipitate, which contained the deaminase, was Avashed 
repeatedly uith 0.005 u acetate buffer, until the last trace of myokinase was 
removed and the precipitate Avas finally suspended in AA-atcr. 

Suhstmtes — Adenosine triphosphate Avas prepared from rabbit muscle by 
a modification of the method of Lohniann (8). The barium salt AA’as con- 
verted to the sodium salt bj' removing the barium Avith the stoichiometric 
amount of sulfuric acid and neutralizing Avith sodium hydroxide to pH 7.5. 
The ratio of acid -labile to acid-stable P Avas 1.9. Adenosine diphosphate 
Avas then prepared from adenosine triphosphate by the action of lobster 
muscle pyrophosphatase, as described by Lohmann (9) or by the action of 
he.\'okinase (see the experimental section). Aden5dic acid Avas prepared bj" 
alkaline hydrol 3 ' 6 is of adenosine triphosphate according to the method of 
Lohmann (8). 


RcshUs 

Reaction of Adenosine Triphosphate with Glueose — The experiments repro- 
duced in Tabic I shoAv that Avhen adenosine triphosphate is incubated AAdth 
yeast hexokinasc and glucose there is a rapid disappearance of about one- 
half of the acid-labile phosphate, after Avhich no further transfer of phos- 
phate to glucose takes place. In the absence of glucose there is a sIoav 
hj'drolj'tic disappearance of acid-labile phosphate, OAving to the presence of 
small amounts of aden.A’lp.yro{diosjjhatase. 

Similar re.sults aa’cic obtained in manomctric experiments. In the experi- 
ment illustrated in Tabic 11, the maximal amount of carbon dio.xide CAmh'^ed, 
AvheiA corrected for the caA'bon dioxide production in the absence of glucose, 
AA’as equivalent to about one-half of the labile P added as adenosiire triphos- 
phate. It can be seen that the amount of carbon dioxide evoK-ed, as deter- 
mined manometricall.A', is in agreement Avith the amount of P transferred, as 
determined by chemical anal.vsis. 

Addition of adenosine diphosphate to the s.vstem does not result in anj' 
phosphor^’lation of hexosc (rf. Table III). From these experiments it is 
clear, thercfA)rc, that in the hexokinnsc sj'stem triphosphorylated adenosine 
is the phosphate donor, AA’hcreas diphosphorylated adenosine is inactive. 

The formation of adenosine diphosphate in the hexokinase reaction has 
been A’crified b.A' i.solation; 100 ml. of a solution containing 0.008 m aden- 
o.sinc tripliospliate, 0.030 m glucose, 0.005 .m MgCL, 20 mg. of hexokina.se 
(diab'zcd free of ammonium sulfate), and 0.02 w bicarbonate-COa buffer of 
pH 7.5 Avas incubated at 30° for 30 minutes, at Avhich time the reaction 
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was complete. After treatment with trichloroacetic acid, the protein-free 
filtrate was made alkaline to pH 8 and an excess of barium acetate was 

Table I 

One-Step Reaction of Adenosine Triphosphate tvith Glucose 
1 ml. of reaction mixture contained 0.005 ii MgCl j, 0,5 ing- of hexokinase pou der, 
and other additions as indicated below. Temperature 30°. Initial pH 7.5. 



Additions 

'ITme 

Add-Ubilc P 

P transferred 
to glucose 

Adenosine triphosphate 


y 

frt.O 

7 

<( 



61.1 



“ -1-2 mg. glucose — 


35.0 

26.1 



15 

57.0 


U 

“ -1-2 mg. glucose 

15 

33.9 

23.1 


Table 11 

Comparison of Chemical and Manomelrie Measurement of One-Step Reaction of 
Adenosine Triphosphate vrith Glucose 

Incubation period 20 minutes. (CO* evolution was complete after 15 minutes.) 
The procedure is described in detail in the text. 


P added as adeno- | 
sine triphosphate | 

Glucose added 

P transferred to glucov • 

COi evolved 

___ 

i mieromoUi 

mcTonola 1 

mUrem&Us 


0 

0 j 

0.9 


24 

6.6 

1 7.2 


24 

2.8 

3.6 


Table III 


Necessity of Myokinase for Reaction of Adenosine Diphosphate leith Glucose 
The conditions were the same as in Table I, Incubation period 5 minutes. 


Additions 

Add-kbilc P 

Adenosine iriphosphate 

1 

i 

CO 

“ “ -1-2 mg. glucose 

9fi 4 

*' “ -}■ 2 “ •' -1- 10 Tr myokinjise . . . . 

7.3 

“ diphosphate ' 

62.4 

“ " -1- 2 mg. glucose 

62.9 

** +2 “ " -1- 10 7 myokinase 

16.0 


added, thus precipitating the adenosine diphosphate and leaving the 
hexosc-6-phosphate in solution. After centrifugation and washing with 
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water the precipitate was dissolved in nitric acid and the nucleotide 
precipitated with mercuric nitrate. The mercurj’’ salt was decomposed 
with HzS and, after aeration, the solution was neutralized and the nucleo- 
tide reprecipitated with barium acetate. The yield of drj^ barium salt 
was 0.4 gm. Pentose was determined according to the method of Mejbaum 
(10). Per mole of pentose there was found 0.90 mole of acid-labile P and 
0.91 mole of acid-stable P. 

The other reaction product, hexose monophosphate, has also been iso- 
lated, ivith glucose as phosphate acceptor. The barium salt of the hexose 
monophosphate contained 7.2 per cent organic P and the reducing power, 
measured \\ith the Shaffer-Somogyi reagent (11), was 76 per cent of that 
given by an equivalent quantity of glucose. 32 per cent of the hexose was 
fructose, which was determined colorimetrically (12). Tliese properties 
correspond to those of the equilibrium ester (13, 14). Glucose (a- or i3-) as 
well as fructose yields the same equilibrium ester. This is explained by the 
presence of Lohmann’s isomerase (15) in all the hexokinase preparations. 

It has been established that hexose-6-phosphate is the primary product of 
the reaction. A primary formation of glucose-1 -phosphate (16) is excluded 
because the hexokinase preparation used in these experiments was free of 
phosphoglucomutase (17). In an experiment in which glucose-1 -phosphate 
(containing 168 y of P) was added to yeast liexokinase at 30° in the presence 
of glutathione and MgCli, 167 7 of easily hydrolyzable P remained after 5 
minutes of incubation, indicating that no conversion of glucose-l-phosphate 
to 6-phosphate took place. The same enzyme solution was able to form 32 
7 of glucose-G-phosphate P from glucose and adenosine triphosphate under 
these conditions. 

Effect of Myokinase — As stated previously adenosine diphosphate does 
not act directly as phosphate donor to hexose in the presence of hexokinase. 
However, it has been found that, when j’^east hexokinase is supplemented by 
small amounts of myokinase, phosphorylation of hexose does take place 
with adenosine diphosphate as the sole phosphate source. Even crude 
preparations of myokinase are very active in a concentration as low as 10 
7 of protein per ml. (See Table III.) Incubation of adenosine diphos- 
phate and glucose with myokinase alone does not give rise to any changes 
in the amount of pyrophosphate. The phosphorylation of hexose by 
adenosine diphosphate can be followed manometrically or with the glass 
electrode. Fig. 1 shows the acidity changes of the two-step reaction of 
adenosine triphosphate with glucose. The acidity change is the same 
whether m3'okinase is added to the sj'stom from the start or after the first 
step reaction is completed. 

The reaction products in the second step reaction are adenjdic acid and 
he.vose-6-phosphatc. Thus the phosphorylation of hexose in the presence 
of mj^okinase is represented by the following equations : 
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Adenosine diphosphate + hexose adenylic acid + hexose monophosphate 
Adenosine tnphosphate + 2 hexose -• adenylic acid + 2 hexose monophosphate 

These reactions are not measurably reversible. 

The phosphorj'latioE of he.xose by adenosine diphosphate is inhibited by 
one of the reaction products, adenylic acid; the other product, hexose 
monophosphate, does not exert any inhibition. Since the phosphorylation 
of hexose is irreversible, the adenylic acid inhibition is not due to a reaction 
in the reverse direction. The first step phosphorylation (phosphorylation 





Fig. 1. Acidity changes of tn-o-step reaotion-of adenosine triphosphate with glucose. 

Table IV 


Relation beltveen Adenylic Acid Inhibition and ilyokinase Concentration 
Adenosine diphosphate + glucose + hexokinase + Incubation time 15 

minutes. Temperature 25°. 


Additions 

P transfer 

Percent 

islbibition 

No myoldnase 

y 

0 1 


Myokinase. S ■v 

36.3 


» g 


15.7 

57 

" 50 “ 


1 47.0 

" 50 " 

-f adenylic acid, 40 y P 

i 44.7 

5 


of hexose by adenosine triphosphate) is inhibited neither by^ adeny'lic acid 
nor by adenosine diphosphate. This indicates that myokinase, and not 
hexokinase, is the component which is inhibited by adenydic acid. More- 
over, as shown in Table lY, the adenylic acid inhibition is counteracted by' 
the addition of an excess of myoldnase. The specificity of the adeny'lic 
acid appears from the fact that neither inosinic acid nor adenosine exerts 
any inhibition. The adenylic acid inhibition explains, too, the phenome- 
non that the rate of phosphoiylation of hexose with adenosine diphosphate 
faWs oft rapidly*, in particular when the myokinase concentrations are low. 
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This vapid decrease of the rate is due to accumulation of adenylic acid, be- 
cause if adenylic acid deaminase (free of myokinase) is added to the s 3 'stom, 
the rate of phosphate transfer does not begin to fall off until the concentra- 
tion of the phos])hate donor becomes limiting (Table ^0- 
Distrihuiion atid Properties of Myokinase- —The prepaj'ation of mj’okinasc 
has been described in a previous section. The richest sources of the enzyme 

Taulo Y 

Effect of Myokinase and Adenylic Acid Deaminase on Transplwsphorylalion of Hexose 

by Adenosine Diphosphate 


Adenosine diphosphate, 51 y of labile P per sample; glucose, 2 mg.; MgCb, 0.5 
mg.; glutathione, 2 mg.; he.xokinasc, 100 -y; myokinase, lOy; deaminase, 300y; pH 
7.2; temperature, 30°. 


1 

Enzymes added to ficxotinasc j 

P transferred 

! Ter cent available P Iransferrtd 

5 min. 

20 min. i 

5 min. j 

20 min. 


Y 

1 

y ■ 



Lenminase 

0 

0 

0 

0 

Myokinase 

12 1 

19 

23 

37 

" -f- deaminase 

23 1 

50 

45 ; 

96 

1 


Table VI 

Rale of Inactivation of Myokinase in Acid at 100° 

.A solution of 400 7 of myokinase protein in 2 ml. of 0.1 n HCl ^Yns heated at 100° 
and samples were withdrawn at the times indicated. After cooling and neutraliza- 
tion, aliquots corresponding to 2 7 of myokinase were treated with 2 mg. of gluta- 
thione and tested for activity in 1 ml. of a solution containing adenosine triphosphate, 
glucose, hIgClj, and hexokinase. Incubation time 5 minutes. 


Time of liealinR 

i P transferred by 2 *)* myokinnse 

1 Inactivation 

trtin. 

1 

1 per cent 

0 1 

J1.4 

\ 

1 

10 1 

9.0 

21 

30 1 

4.7 

59 

00 

1 0 ; 

{ 

100 


are rabbit and frog skeletal muscle. Beef mu.scle has been found to contain 
much smaller amounts of mjmkinase. The jdeld from rabbit brain and 
heart muscle is onlj’ about 5 per cent of that from skeletal muscle. Liver, 
kidney, and the endocrine glands (pituitarj^ thyroid, pancreas, and adre- 
nals) are completely free of myokina.se. 

There is considerable evidence that mj'okinase, in spite of its high stabil- 
itv towards strong acids, is a protein. The molecular weight is high, since 
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myoldnase does not pass through a collodion membrane. Mjmkinase is 
precipitated by saturation ndth ammonium sulfate. It is furthermore pre- 
cipitated by trichloroacetic acid and, provided this precipitation is carried 
out in the* cold, not destroyed by this acid. Myokinase is digested by 
commercial pepsin, and the activity is completely abolished. The stability 
towards strong acid at 100° is illustrated in Table VI. 

Mj’okinase probably contains free — SH groups which are readily oxi- 
dized. If mj’okinase is treated with hydrogen peroxide (0.1 per cent) at 
pH 7 and 60°, the activity disappears completely but is fully restored by 
addition of cysteine or reduced glutathione (sec Table VII). 

Tlie e.xperiments illustrating the action of myokinase on the he.xokinase 
system leave the question open as to whether mj’okinase “activates” hexo- 
kinase or adenosine diphosphate. The fact that myokinase is inhibited by 

Table VII 

Reversible Inactivation of Myokinase by Oxidation 
A solution of myokinase (pH 7) was heated for 4 minutes at 60° in the presence of 
0.1 per cent HjOj. Aliquots were then tested for myokinase activity (o) directly, 
(6) after treatment with 2 per cent glutathione at pH 7 for 5 minutes, and (c) after 
treatment with 0.1 per cent glutathione. The test system contained adenosine 
diphosphate, glucose, MgCl,, and yeast hexokinase. Incubation period 5 minutes. 


Sample Ko. 

Description 

Labile P 

1 

No myokinase 1 

7 

29,7 

2 

Myokinase i 

9.2 

3 

“ oxidized ’ 

28.2 

4 

" " + 2% glutathione | 

9.3 

5 

“ “ + 0.1% glutathione 1 

26.4 


adenylic acid makes it probable that myokinase is involved in an activation 
of adenosine diphosphate. The nature of the action of myokinase on the 
adenine nucleotides is described in Paper II (18). 

SUMMARY 

1. Hexokinase from bakers’ yeast catalyzes the onc-step reaction, 

Adenosine triphosphate + hc.xose -• adenosine diphosphate + hexose monophosphate 

Ihe enzyme system has been used for the preparation of adenosine diphos- 
p ate from adenosine triphosphate. Glucose and fructose are phosphorj'- 
latcd equally well; the ester formed consists in both cases of two-thirds 
glucose-6-phosphate and one-third fructose-6-phosphate, owing to the 
presence of isomerase. The sugars are phosphorylated in the 6 position. 
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2. Tlie addition of myokinase, an enzyme obtained from muscle, to the 
hexokinase system results in the phosphorylation of hexoscs by adenosine 
diphosphate. The combined enzyme systems arc able to catalyze the tAVO- 
step reaction, 

Adenosine triphosphate + 2 hexose -> adenylic acid + 2 hexose monophosphate 

3. Myokinase is a protein which posscs.ses an unusually high stability to 
boiling with mineral acids as tvell as to iirecipitation tvith trichloroacetic 
acid. The enz 3 TOe is inacth'ated bj’’ oxidation with h 3 'drogen peroxide; 
subsequent reduction with C3'steine or glutathione restores the activit3' com- 
pletel 3 '. Myokinase is found in large amounts in skeletal muscle of rabbit 
and frog. It is present in traces in heart and brain but is absent in liver 
and kidney. 


UIBLIOGRAPHY 

1. Meyerhof, O., Biochem. Z., 183, 176 (1927). 

2. Meyerhof, 0., Biochem. Z., 246, 249 (1932). 

3. von Euler, H., and Adler, E., Z. physiol. Chan., 23B, 122 (1935). 

4. Meyerhof, 0., Naliirwisscnschaflcn, 23 , 850 (1935). 

5. Warburg, 0., and Christian, W., Biochem. Z., 263, 228 (1933). 

6. Fiske, C. H., and Subbarow, Y., J. Biol. Chem., 66, 375 (1925). 

7. Schmidt, G., Z. physiol. Chem., 179, 243 (1928). 

8. Lohmann, K., Biochem. Z., 254, 381 (1932). 

9. Lohmann, K., Biochem. Z., 282, 120 (1935). 

10. Mejbaum, W., Z. physiol. Chem., 258, 117 (1939). 

11. Shaffer, P. A., and Soroogyi, M., J. Biol. Chem., 100, 695 (1933). 

12. Roe, J. H., J. Biol. Chem., 107, 15 (1934). 

13. Robison, R., Biochem. J., 16, 809 (1922). 

14. Embden, G.,andZiramermann,M.,Z.p/ii/siof.C/iem.,167, 114 (1927). 

15. Lolimann, K., Biochcjn. Z., 262, 137 (1933). 

16. Cori, C. P., Colowick, S. P., and Cori, G. T., J. Biol. Chem., 121, 465 (1937). 

17. Cori, G. T., Colowick, S. P., and Cori, C. F., J. Biol. Chem., 124, 543 (1938). 

18. Knlckar, H. M., J. Biol. Chem., 148, 127 (1943). 



THE ROLE OF HIYOKINASE IN TRANSPHOSPHORYLATIONS 

II THE ENZYMA-TIC ACTION OF MYOKINASE ON ADENINE 
NUCLEOTIDES 

Br HEHMAN M. ICALCKAR 

(from the Department of Pharmacology, Washington University School of Medicine, 

St. Louis) 

(Received for publication, January 11, 1943) 

Adenyl pj’rophosphate is an organic triphosphate which contains two 
acid-labUe pyrophosphate bonds (Fiske and Subbarow (1), Lohmann (2, 
3)) . The enzymatic hydrolysis of the two labile phosphate groups in aden- 
osine triphosphate takes place stepivise and in certain systems (lobster 
muscle, myosin) only the “terminal” phosphate is liberated as orthophos- 
phate, and the semiphosphor}dated nucleotide, adenosine diphosphate, 
accumulates (3, 4). In Paper I (5), dealing rvith the phosphorylation of 
hexoses by adenosine triphosphate, it was shomi that hexokinase from 
bakers’ yeast likeuise catalyzes the transfer of only one labile phosphate 
group. The transfer of the second labile phosphate rvas accomplished by 
the addition of the acid-stable protein, myokinase. It has also been re- 
ported (6) that in those dephosphorylating systems which split only one 
labile phosphate from adenosine triphosphate, addition of myokinase brings 
about the hydrolysis of the second labile phosphate group. Incubation of 
adenosine diphosphate rrith myokinase alone does not give rise to any 
change in the amount of acid-labile phosphate. There was, however, more 
reason to consider mj'oldnase an activator of the substrate than of the 
enzyme, since the enzymes catalyzing transphosphorylation and dephos- 
phorjdation are of very different nature, whereas the substrate, adenosine 
diphosphate, is common for the various enzimes. 

Dr. M. Johnson of the University of Wisconsin was the first to suggest 
(private communication) that myokinase might catalyze a reversible trans- 
fer of phosphate from 1 molecule of adenosine diphosphate to another, 
yielding adenosine monophosphate (adenylic acid) and adenosine triphos- 
phate according to the equation, 

2 adenosine diphosphate I adenylic acid 1 adenosine triphosphate 

It is clear that such a reaction would not give rise to any change in the 
amount of acid-labile phosphate. The reaction products, adenylic acid 
and adenosine triphosphate, can, however, be detected and separated by 
fractionation of the barium salts at pH 8; at that pH the latter compound 
is precipitated, whereas the former is left in solution. 
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The data presented in this paper show that tiro suggested equilibrium 
actually occurs and is catalyzed by myokinaso. The reaction might be 
designated as a “phosphate dismutation,” since adenosine diphosphate 
functions as phosphate donor as well as acceptor. 

Melhoch 

Determinations of inorganic, acid-labile, and total phosphate were made 
in the usual way (5). Pentose was determined according to the method of 
h'lejbaum (7). A sample containing 10 to 30 y of pentose was boiled for 
15 minutes with a 1 per cent solution of orcinol in concentrated hydrochlo- 
ric acid, containing 0.1 per cent ferric chloride. The green color was esti- 
mated in a Summerson colorimeter, with Filtei' 60, against a standard con- 
taining 25 7 of pentose. Pentose determinations were usually carried out 
after barium fractionation of the adenosine nucleotidc.s. Adenosine di- 
and triphosphates were precipitated at pH 8 with barium, leaving adenylic 
acid in the supernatant fluid. When the precipitate of barium adenosine 
diphosphate was washed with water, a small amount went in solution. This 
amount, however, could easily be accounted for bj^ estimation of acid-labile 
phosphorus in the barium supernatant. The corrected pentose value was 
thus total pentose in the barium supernatant minus the pentose correspond- 
ing to the amount of acid-labile P in the barium supernatant. 

Protein in the various enz.yme fractions was estimated by the biuret color 
according to the method of Robinson and Hogden (8). 

Ammonia was estimated b}' the colorimetric method of Folin and Wu (9) 
with the Kessler reagent. In several cases the nesslcrization could be car- 
ried out directly in the trichloroacetic acid filtrate, but in some cases it was 
necessary to distil the ammonia with steam and determine the amount by 
titration or by nesslcrization. 

Total nitrogen was determined as follows: A sample of adenjdic acid 
corresponding to 0.1 to 0.2 mg. of N was ashed with sulfurie acid, a few mg. 
of glucose, and potassium persulfate; the ammonia formed was distilled 
with steam in the Parnas appai-atus (10), collected in dilute hydrochloric 
acid, and determined b}’’ nesslerization. 

Svbslrates 

Adenosine /riphosphate was isolated from rabbit muscle according to the 
method of Lohmann (2). It is important to remove even small impurities 
of adenosine liphosphate. This is done by repeated washings of barium 
adenyl pyrophosphate at pH 4. At this pH barium adenosine diphosphate 
is soluble, whereas the barium salt of adenosine friphosphate remains in the 
precipitate. The pure triphosphorjdated nucleotide has the following 
characteristics. (1) The ratio of labile P to total P is 0.67. (2) When 
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added to hexokinase from bakers’ yeast in the presence of glucose, 50 per 
cent of the labile P disappears, because only the third phosphate is trans- 
fen-ed to glucose. This hexokinase test, therefore, is strictly specific for the 
“terminal” (third) phosphate of adenosine triphosphate and has been used 
in the present studies to detect formation of triphosphoiylated adenosine. 
The test has furthermore been used to distinguish between the two labile 
phosphate groups of adenosine triphosphate in studies of intact organisms 
with isotopic phosphate.* 

Adenosine diphosphate is prepared from adenosine fnphosphate bj' add- 
ing the latter substance to he.xokinase from bakers’ yeast in the presence of 
glucose. He.vose monophosphate and traces of aden 3 'lic acid can be re- 
moved bj' repeated washings of barium adenosine diphosphate with water. 
The pure diphosphorjdated nucleotide has the following characteristics. 
(1) The ratio of labile P to total P is 0.50. (2) I^Tien added to hexokinase 
from bakers’ j’east in the presence of glucose, no labile P disappears. 

Adenosine monophosphate (m 5 -oaden}-lic acid (11), adenosine-5-phos- 
phate (12)) was prepared from barium aden}'! pjTophosphate either by alka- 
line hj'droij’sis according to Lohmann (2) or by enzj'matic hj’drol^'sis with 
a strong adenylpjTophosphatase obtained from aqueous extracts of 
potato.- Adenjdie acid was ciystaDized as the free acid according to Loh- 
mann. The adenj'lic acid is distinguished from the aden 5 d p 5 Tophosphates 
not only by chemical means but also bj- the following enzymatic tests; (1) 
Schmidt’s muscle deaminase (13) which, when freed from mj-okinase, splits 
ammonia only from adenylic acid; (2) the crystalline muscle phosphorj'lase 
of Green, Cori, and Cori (14), the activity' of which is increased by' extremely 
small amounts of muscle adenylic acid; (3) the 5-nucleotidase, a specific 
phosphatase described by Reis (15). 

Enzyme Preparations 

Yeast hexokinase (cf. (5)) was prepared from bakers’ yeast according to 
the method of Meyerhof (16) and the precipitate either frozen and dried or 
rodissolved and precipitated with ammonium sulfate. The protein concen- 
tration usually' employed was between 50 and 100 y per ml. 

Adenylic acid deaminase (cf. (5)) was prepared according to the tech- 
nique of Schmidt (13). The preparation so obtained was acidified to pH 5 
with 0.05 M acetate buffer; by this procedure the deaminase is precipitated. 
The deaminase is freed from traces of myoldnase by numerous washings of 
the acetate precipitate with 0.01 m acetate buffer 5). The activity of 
the deaminase, however, is decreased considerably' by' the washing proce- 

' Boyle, J., Kalckar, H. M., and Mehler, A., unpublished experiments. 

* Berger, L., Colotrick, S. P., and Stein, M., unpublished observations. Kalckar, 
H. M., unpublished experiments. 
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dure. The washed precipitate is finally suspended in veronal buffer at 
pH 7.2. 

Myokinasc. Aclivily Determination — purity of myokinasc is usually 
deteimined by the hexoldnase test; adenosine diphosphate, magnesium 
chloride, hexokinase, and glucose are added to all samples. Myokinasc (in 
amounts of from 1 to 10 7 of protein per ml.), after a preliminarj’ incubation 
with glutathione, is added as the last component. After a 5 minute incuba- 
tion the samples are fixed and the disappearance of acid-labile P is deter- 
mined. The most purified m 3 'okinase (Fraction 3) catal^'zcs the transfer of 
15 to 25 7 of P per 7 of mj'okinase in 5 minutes at 30°; i.e., 3 to 5 7 of P per 
minute (see Table I). Tlie rate obtained from 2 minute incubation was as 
high as 8 7 of P per minute per 7 of myokinasc per ml. The hexokinase test 


TA.ni.E I 


Pttrificalion of Myokinasc 

The system for measuring myokinasc activity contained adenosine diphosphate, 
200v of labile P; magnesium chloride, 0.5 mg.; hexokinase, 150r of protein; glucose, 
5 mg.; as the last component, 10 y of the myokinasc sample containing 2 rog. of 
reduced glutathione (pH 7.5). The control contained 2‘mg. of reduced glutathione 
but no myokinase. Volume 0,6 ml. After a 5 minute incubation at 30°, the reaction 
was stopped by addition of 10 per cent trichloroacetic acid, and the amount of netd- 
labile phosphorus was determined. The decrease in labile phosphorus, ns compared 
with the control, was the amount of phosphorus transferred to glucose. 


MyoVinase traction No. 


Relative activity, R transferred per 
microgram of protein in 5 min. at 30 


Original acidified extract 

1 

2 

3 


1.2 

5.0 

9.0 
16.8 


is suitable for comparison of the activities of various myokinase fractions 
(see Table I). Moreover, it gives an approximate measure of the rate of the 
reaction actually catalyzed bj’’ myokinase. As illustrated in Table II, 
when myokinase alone was added to adenosine diphosphate, 1 7 of mjmki- 
nase per ml. catalyzed the transfer of 24 7 of P in 5 minutes at 30°, or ap- 
proximately 5 7 of P per minute. This is approximately one-third of the 
amount transferred when equilibrium is reached (c/. Fig. 1). Since the 
reaction is not of zero order throughout the 5 minute period, the above 
value for the rate of phosphate dismutation is a minimum estimate. 

The approximate correspondence between the rate of phosphate transfer 
determined by this direct method and that found by the hexokinase test on 
the same sample of myokinase indicates that the limiting factor in the latter 
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test is probably the rate of the phosphate dismutation rather than the 
phosphorylation of hexose by adenosine triphosphate. 

The pH optimum of mjmkinase is about 7.5. Alyokinase is active with- 
out addition of magnesium salts. However, addition of magnesium alwaj'S 
increases the activity 30 to SO per cent, a finding which might indicate that 
the enz 3 Tne contains some bound magnesium. 

Purification of My okinase— 'Rabbit muscle is extracted twice with 2 vol- 
umes of cold water. The extract is acidified at room temperature mth 0.05 

Table II 

Conversion of Adenosine Diphosphate itith Uyohinase As Sole Catalyst 
Adenosine diphosphate, 1500 y of pentose; magnesium chloride, 0.2 mg.; 
myokinase, second trichloroacetic acid precipitate (Fraction 3), 1 y per ml.; gluta- 
thione, 2 mg. (the latter added to the control); incubation 5 minutes at 30°; at that 
time the substrate was precipitated by barium acetate. 



Barium supemaCaot 

Pentose 

j Difference | 

Per cent labile 
P transferred 

Pentose | 

Phosphorus 


Y ' 

Y 



Control 

174 i 

1 



Myokinase, 1 y per ml 

295 1 

1 

-t-121 

■h24 

8 



volume of 1.0 N hydrochloric acid (thus destroying adenylpyrophosphatase) 
Md after neutralization the original myokinase activity is determined (see 
Table I). 


The first purification step consists in heating the acidified muscle e.x- 
tract, cooling, neutralizing, filtering, and precipitating with ammonium 
sulfate as descnbed in the preceding paper (5). The heating procedure 
results m a 4-fold mcrease in activity (see Table I). 

The second step consists in the adsorption of inactive proteins on alumi- 
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num hydroxide. To tiie solution of the iimmonium sulfate precipitate is 
added 1/6 to 1/7 volume of aluminum h 3 Tlroxide suspension (Willstiitter’s 
Cy) (17) and the mixture is allowed to stand about 1 hour at room tempera- 
ture and then centrifuged; the mj'okinnsc remains in the supernatant fluid 
(Fraction 2). This step achieves almost a doubling of the activiti’ per y 
of protein. About 40 per cent of the protein is recovered. 

The third step involves fractionation with trichloroacetic acid . To 10 ml. 
of Fraction 2 is added dropwise 0.25 ml. of 10 per cent trichloroacetic acid 
and the precipitate formed is discarded. To the supemafant fluid is added 
an additional 0.5 ml. of trichloroacetic acid. This precipitate, which con- 
tains most of the myokinase, is suspended in water and neutralized to pH 6 
to bring most of the protein back into solution. Tlie solution is finally 
dialyzed against 2 per cent ammonium sulfate (Fraction 3). All the steps, 
including the centrifugations, must be performed at low temperature. The 
trichloroacetic acid precipitation brings about another doubling of the ac- 
tivity. About 30 per cent of the protein is recovered. 

All three purification steps bring about a 14-fold purification (see Table 

I). 


Enzymatic Action of Myokinase 

Enzymatic Formation of Ammonia from Adenosine Diphosphate in Pres- 
ence of Deaminase and Myokinase — Indication that. myokinase converts 
adenosine diphosphate to a different nucleotide is found in the liberation of 
ammonia from adenosine diphosphate in the presence of m 3 ’okinnse and 
deaminase. 

Adenylic acid deaminase, when freed of m 3 mkinase, splits ammonia onty 
from aden 3 dic acid but not from adenosine di- or triphosphate. Tlie onb’’ 
other nucleotide which is known to be deaminated b 3 '’ aden 3 dic acid deami- 
nase is the diadenosine tetraphosphate of Iviessling and Me 3 ''erhof (18); 
this compound is a dinucleic acid of adenylic acid and adenosine triphos- 
phate. 

The requirement of myokinase for the enz 3 TOatic deamination of adeno- 
sine diphosphate is illustrated in Table III. 

No ammonia is formed with m 3 'okinase or with deaminase separatel 3 ' 
added to adenosine diphosphate but, with both enz 3 'mes added, a large 
amount of ammonia is formed. Further information is obtained b 3 ’’ separa- 
tion of the nucleotides as barium salts, since aden 3 dic and inosinic acids 
have water-solubh; barium salts, whereas adenosine tri- and diphosphate 
have water-insoluble barium salts. The formation of a. water-soluble 
barium nucleotide from a water-insoluble one can be followed conveniently 
b 3 ' pentose determinations. By means of barium fractionation, with subse- 
quent pentose estimations, it is seen that m 3 ’okinase forms from adenosine 
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dipbospliate a nucleotide which has a water-soluble barium salt. Table 
III summarizes the changes in pentose in the barium supernatant, and the 
amount of ammonia formed when adenosine diphosphate Is incubated with 
myoHnase or deaminase or nith both enzymes. 

Formadon of Adenosine Triphosphate from Diphosphate — If myokinase 
converts adenosine diphosphate into aden 3 'lic acid (or inosinic acid) and 
adeno.sine triphosphate, it should be possible to demonstrate formation of 
adenosine triphosphate in the barium precipitate. ITii-s is possible by 
means of the hoxokinase reaction. The barium precipitate is converted to 
the sodium salt, and the solution is incubated nith hexokinase in the ab- 
sence and in the presence of glucose. Since adenosine diphosphate is not 
utilized by glucose, whereas adenosine tripho.siAatc is utilized (5), the labilp 
phosphate fraction decreases when the latter nucleotide is present. The 
difference between the amount of labile phosphate (Pio — Po) in the absence 

Table III 

Formalion of Ammonia and of Adenine Xveteotide with Waier-Solvble Barium Salt 
from Adenosine Diphosphate Incubated with Myorinase and Deaminase 


Adenosine diphosphate, 300 7 of labile P; myokinase, 10 7 of protein per ml.; 
incubation, 30 minutes; temperature, 30*. 


Eazsmes added 

Ammonia 

i 

1 

' Barium 

! ppl.» deertase ] 

' in pentose j 

i 

Barium 
supeniataat» 
increase in 
phosphorus 


micTtmaXu .V 

! { 

( rttcrcmffJej ’ 

nicTomahs 

Deaminase 

• ! 0 



Myokinase 

! 0 

; - 1.33 

j -bi.M 

Deaminase + mj'okinase 

. 2.75 

1 

1 -2.80 

j +2.65 


and in the presence of glucose is a measure of the amount of triphosphoryl- 
ated adenine. 

Equimolar Formation of Adenosine Tri- and Monophosphate — ^Table IV 
illustrates a tjTpical balance experiment in which the increase in pentose in 
barium supernatant corresponds with the decrease of pentose in the barium 
precipitate. 

The equimolar formation of adenosine tri- and monophosphate from aden- 
osine diphosphate in the presence of myokinase is illustrated in Table V. 
Adenosine triphosphate was estimated in the barium precipitate by the 
he.\’okinase test and the “triphospKorus” found expressed as micromoles in 
order to compare it uith the pentose values found in the barium superna- 
tant representing adenylic acid. It appears from Table IV that in the 
presence of 1 -y of mj-okinase per ml. the phosphate dismutation is still a 
very rapid reaction which is completed nithin 2 minutes. With this ex- 
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tremelj'' pure sample of adenosine diphosphate® about two-thirds of the 
nucleotide is transformed into the two other nucleotides. 

In order to ascertain that muscle adenylic acid is formed in the myokinasc 
reaction, an isolation and identification was undertaken of the water- 
soluble barium nucleotide formed when adenosine diphosphate is incubated 
with myokinase. 


Table IV 

Incubation of Adenosine Diphosphate teilh Myokinasc. Equimolar Increase of 
Nucleotide in Barium Supernatant and Decrease of Nucleotide in Barium 

Prccipitaic 

Adenosine diphosphate, 90 -y of labile P or 450 -y of pentose; magnesium chloride, 
0.5 mg.; myokinasc, 10 y of Fraction 2-1-2 mg. of reduced glutathione (pH 7.5); 
control, 2 mg. of glutathione; volume, O.G ml. After a 10 minute incubation at 30°, 
the reaction is stopped by precipitation of adenosine diphosphate with barium at 
pH 8. Myokinase is now added to the control. 



Barium ppt. | 

Barium supernatant 

Pentose 1 

‘Decrease in pentose 

Bcnlose 

1 Increase in pentose 


nnummu 

1 

! r 

r 

r 

Control 


1 

46 


Myokinase 

iBlil 

-150 , 

210 1 

1 

+m 


Table V 

Incubation of Adenosine Diphosphate with Myokinasc. Formation of Eguimolar 
Amounts of Adenylic Acid and of Adenosine Triphosphate 
Adenosine diphosphate, 200 y of labile P or 1000 y of pentose; magnesium chloride, 
0.6 mg.; myokinase, lOy (Fraction 2) -f- 2 mg. of glutathione; control, 2 mg. of gluta- 
thione; volume, 0.8 ml. 



j Incubation 

Barium ppt., 
adenosine ///phosphate 
(hc-TOkinasc test) 

I Barium supernatant 

adenylic acid formed 


1 

Phosphorus 

Pentose 

I Difference corrected 

Control 

min. 

10 

2 

10 

^ 1 
0.4 1 

36.0 i 

37.5 i 

1 

nicromolcs 

y 

■ 

micromoles 

Myokinase 

(I 

1.16 

1.21 

270 

H 

1.13 

1.27 

1 




Adenosine diphosphate corresponding to 200 mg. as barium salt was incu- 
bated for 30 minutes in the absence (Sample 1) and in the presence of mj'O- 
kinase, 20 mg. of protein (Sample 2). After the incubation, barium acetate 
vas added in order to precipitate adenosine di- and triphosphate, and m}' 0 - 

» The hoxokinase test showed no impurities of adenosine triphosphate. The 
phosphorylasD test showed less than 2 per cent adenylic acid. 
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kinase was added to the control sample. To the barium supernatant was 
added an equal volume of alcohol. The alcohol addition resulted in a pre- 
cipitate in Sample 2, whereas Sample 1 did not give any precipitate. The 
precipitate in Sample 2 was washed with 50 per cent alcohol and dissolved 
in a small volume of water. The nucleotide was then precipitated at slight 
Congo red acid reaction with mercuric nitrate (20 per cent in 0.1 N HNOj). 
The mercury precipitate was washed in a large volume of water, suspended 
in a small volume of water, and decomposed with gas. The filtrate 

Tabm VI 


Analysis of Nucleotide 


Phosphorus 

Total N (micro-Kjcldahl) 

t Pentose 



•fPtrml. 

y per ml. 

Inorganic 

|||H| 

356 (Calculated from P 

820 (Calculated from P 

Acid-labile (10 min. 



820 7 per ml.) 

hydrolysis) 

HH 

1 380 7 per ml.) 


Total 





Table VII 

Formation of Adenosine Diphosphate from Adenosine Triphosphate and Adenylic Acid 
in Presence of Myohinase 

Adenosine triphosphate, 5807 of pentose; adenylic acid, 5807 of pentose; magne- 
sium chloride, 0.5 mg.; myokinase (Fraction 2), 10 y containing 2 mg. of gluta- 
thione; control, glutathione, 2 mg.; incubation, 15 minutes at 30°; reaction stopped 
with barium acetate; volume, 0.7 ml. 



Barium ppt., disappearance o( 
adenosine triphosphate (hexokioase test) 

, Barium supernatant, 

[ disappearance of adenylic acid 

1 pJ (terminal P) j 

Differeai^, P 

Pentose I 

; Difference, pentose 


t { 

mtcromoU 

•Y ' 

micromole 

Control 

96 ' 


57^ ' 


Myokinase 

68 j 

0.91 

420 

0.98 


and the washings were aerated and the nucleotide ciy-stallized at 0° by 
addition of an equal volume of alcohol. A solution of this precipitate was 
analyzed (Table VI). Amino N liberated after incubation (60 minutes) 
with Schmidt’s deaminase (free of myokinase) amounted to 60 y of N per 
ml; which is 80 per cent of the value calculated from the total phosphorus. 

Revcrdhility The reverse reaction, formation of adenosine diphosphate 
from tri- and monophosphate, is illustrated in Table VII. The tri- and 
monophosphonucleosides used in this e.vperiraent contain the same amount 
of pentose. The disappearance of “triphosphorus” was estimated by the 
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hexokinase test and, 'when expressed as micromoles, is shomi to correspond 
to the disappearance of adenylic acid. Between 25 and 30 per cent of each 
of the nucleotides Avas converted into adenosine diphosphate. Since as 
much as two-thirds of the adenosine diphosphate (separated ns completely 
as possible from impurities of tri- and monophosphate) can be converted 
into tri- and monophosphonucleosides, the reaction, 


2 adenosine dipliosphate 1 adenosine triphosphate + 1 adenylic acid 


is a simple equilibrium (cf. Fig. 1). 

The results of equilibrium studies performed Avith the most purified com- 
pounds (see methods concerning complete .separation of the dififerent phos- 
phorylatcd steps) are the following: 


Equilibrium 

2 ADP ;=i ATP -I- AMP 
ATP + AMP 2 ADP 


I’er cent con vcricil 

(55 (cf. Fig. 1) 

167 (" Table V) 
28 (” “ VII) 


A time curve of the equilibrium is presented in Fig. ] . 


SUMMARY 


Myokinase, an acid-stable protein occurring in skeletal muscle, has been 
purified mainly by fractionating Avith strong acids. 

Jt'Iyokinase is an enzyme which catalyzes the transfer of labile phosphate 
roin 1 mo ecule of adenosine rffphospliatc to another yielding adenosine 
triphosphate and adenylic acid, according to the equation: 


2 adenosine diphosphate 1 adenosine /ripliospliatc + 1 adenylic acid (adenosine 

monophosphate) 

This ne\v type of icaction, which ma}' be called “phosphate dismutation,” 
IS a simp e equi i num , approximately 60 per cent of adenosine diphosphate 
IS converted into the two nucleotides. 

phosphorylation by myokinase in a system Avith 
qnm-pp Catalyst and adenosine rfjphosphate as the phosphate 

finn nf ^ i ° ^ transformation, through a phosphate dismuta- 

Ss;h.t "«> - «■' 
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HEXOSEDIPHOSPHATASE* 


Br G. GOMORI 

(From the Department of Medicine of the University of Chicago, Chicago) 

(Received for publication, November 18, 1912) 

Although the term hexosediphosphatase occurs in several publications 
dealing with the phosphatase problem, there is no report in the literature 
on the isolation or even on the sufficient characterization of an enzyme 
with a substrate specificity implied in the term. In fact, all the data 
available are rather vague. Forrai (1) states that glyceropbosphatase, 
fructosediphosphatase, and saccharosephosphatase are three different 
enzymes. Heymann (2) asserts that the kidneys of rachitic rats contain 
more hexosediphosphatase than do those of normal animals. Kay (3H 
finds that the splitting by blood plasma of hexose diphosphate, unlike that ^ 
of other substrates, is not stimulated by magnesium salts. Morii (4) pre- 
pared an active extract of beef kidneys by dialj'sis and subsequent alcohol 
precipitation. This extract did not attack glycerophosphate but split 
sugar phosphates readily. FoUey and Kay (5), in a foot-note of their ex- 
tensive review on phosphatases, say that while both glj’cerophosphatase 
and hexosediphosphatase occur abundantly in the intestinal mucosa, muscle 
and liver are poor in glyceropbosphatase and rich in hexosediphosphatase. 
On the other hand, there are some data pointing to the non-existence of 
a specific hexosediphosphatase. Hommerberg (6) and AValdschmidt-Leitz 
and Kohler (7) think that there is no specificity within the group of alka- 
line phosphatases. Oppenheimer (8) states that, whereas in the begiiming 
each and everj' phosphoric ester was beheved to have its own specific 
enzyme, at present there is a unifjing tendency. An intermediate position 
is taken by Kay (9) w'ho declares that, although most, if not aU, of the 
phosphoric esters are hydrolyzed by the same enzyme, it is conceivable that 
hexose diphosphate may be hydrolyzed by enzymes whose primary func- 
tion is to break down hexose, and phosphate is liberated as a by-product. 

In the course of experiments carried out in an attempt to elucidate the 
mechan km of magn esium ac tivation of phosphatase , it was found that 
organ extracts prepared m a certain way showed an extremely high activa- 
tion by magnesium if he.\ose diphosphate was used as a substrate, whereas 
the activation was in the usual range if the substrate was'’glycerophosphate. 
Attcihpts at isolation of this highly activatable enzyme resulted in e.xtracts 
which showed a high splitting power toward hexose diphosphate but prac- 
tically none toward glycerophosphate and phenyl phosphate. 

* This work has been done under a grant from the Douglas Smith Foundation for 
Medical Research of the University of Chicago. 
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kxtkiumkntai. 

The substrates used were; 

1 . Na ^'glycerophosphate of JCastnian. Tliis sul>stance was found to be 
sufficiently pure and was used without any further purification. 

2. Na phenyl phosphate of P, Lewis, Milwaukee, Wisconsin. This sub- 
stance was found to contain a high (uj) to fi per cent) percentage of free 
phosphate. It was purified hy adding to a 2.0 per rent, solution of it a 0.2 m 
. solution of CaClo in a slight c.\cc.ss in relation to the free phosphale and by 
adjusting the pH of the solution to 9, After the mi.\ture had stood 2-1 
houiB in the ice bo.\, the i)rccipilatc was centrifuged off and the Ca content 
of the solution determined by the Clark-CoDip (10) modification of the 
Kramer-Tisdall method. Sufficient sodium oxalate was now added to re- 
move all Ca. After the product stood 2-1 hours in the ice box, the precipitate 
was again centrifuged off, and the liquid was analyzed for both free phos- 
phate, by the author’s method (11), and Ca content. Tlie free phospliorus 
level was ahvay^s well below 0.01 mg. per cc., and Ca could not be dem- 
onstiated in 2 cc. of the solution, 1 cc. samples of the fluid were digested 
n ith a mi.\ture of sulfuric acid and hydrogen peroxide, and the total P was 
determined in them. The solution was finally diluted to exactly 0.05 w in 
lespect to P, a few drops of a chloroform-toluene mixture were added, and 
the solution was preserved in the ice box. 

3. He.xose diphosphate. Two different brands were used: candiolin of 
t le Winthrop Chemical Company’, Inc., and calcium he.xose diphosphate 
of the Schwarz Laboratories, Inc., New York. Both were found to contain 
arge amounts of free phosphate of which they were freed by’ essentially’ the 
same procedure as outlined under phenyl phosphate. Saturated aqueous 
soutions weie adjusted to pH 9; the precipitate was centrifuged off; to 
the supernatant fluid sufficient oxalate Avas added to remove all Ca; the 

tere solution which Avas of the same degree of purity’ in respect to free 
p Aosphate and Ca as the pheny’l phosphate (data giA’cn in the preceding 
paiagrapi) AA'as diluted to exactly’ 0.02 m and kept in the ice box AA'ith a 
te\\' drops of chlorofoz-m-toluene mixture added. Candiolin and hexo.se 

ip 10^ late Aveie found to be indistinguishable in the experiments to be 
described. 

found in 2 cc. samples of the substrates, according to the 
method of Denis (12). 

X, experiments the substrates Avere diluted AA’ith a 0.05 

VimnJ Concentration of the substrate 

-inrl Uo fi 1 ® added in the form of a 0.5 m solution of MgSOz, 

rn ^°n5entra,tion in the mixture Avas 0.01 M. This type of buffered 

otherwise specific! experiments unless 
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Organ extracts were prepared in three different ways. 

Method 1 — ^Fresh organs or tissues (kidneys, livers, adrenals and intes- 
tinal mucosa of various species, and three human osteogenic sarcomas) 
were minced and ground vith quartz sand. Thej’' were subsequently ex- 
tracted in the ice box with 4 parts of distilled Water and a few drops of 
toluene. After 3 days the extract was centrifuged and the sediment dis- 
carded. To the supernatant liquid an equal volume of 95 per cent alcohol 
was added, and, after the mixture had stood 24 houre in the ice box, the pre- 
cipitate was centrifuged off and discarded. To the supernatant fluid again 
an equal volume of 95 per cent alcohol was added. After this had stood 
24 hours in the ice box the precipitate was centrifuged off, washed with 
absolute alcohol and ether, and dissolved in normal saline. Solution was 
usually complete in about 24 hours at ice box temperature, and the liquid 
was almost clear. It was further purified by dialyzing it in a Yisking casing 
against ice-cold distilled water for 48 hours. Following this the solution 
was cleared by centrifugation and made up to the original volume with 
distilled water. 

Method .2— According to Albers and Albers (13), with the exception that 
the purified enzyme was not stored in the dry state but dissolved in dis- 
tilled water and dialyzed. 

Method S — ^This method was found after many trials and errors consist- 
ently to lield extracts with very little activity toward both glycerophos- 
phate and phenyl phosphate but with a high activity tow’ard hexose di- 
phosphate. 

Fresh kidneys or livers of various species were minced and ground with 
quartz sand. They were subsequently e.xtracted at ice box temperature 
with 4 parts of 0.05 m lactate buffer of pH 3.5. After 3 day’^s the yellowish, 
almost clear supernatant fluid was further cleared by centrifugation and 
subsequently incubated at 37° for 6 hours. Following this it was dialyzed 
in a Yisking casing against repeated changes of ice-cold distUled water for 
3 days. During dialysis a brownish, flocculent precipitate appeared which 
w'as centrifuged off and discarded. The crystal-clear, pale amber super- 
natant liquid was used for the experiments. 

All the enzyme extracts described above remained stable in the ice box, 
with a few drops of toluene added. 

Some properties common to all the extracts mentioned are the following: 
total N per cc., as determined by the Koch-McMeekin (14) method, 0.08 
to 0.2 mg.; free P, less than 0.015 mg. per cc.; Mg, less than 0.008 mg. per 
cc. ; activity, 10 to 24 units (to be defined later) per mg. of total N. 

Phosphatase activity of the extracts was determined on duplicate or 
triplicate samples bj’ the following adaptation of the author’s photoelec- 
tric, colorimetric method for phosphorus (11). 
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To 10 cc. of the bufTercd substrate, preheated to 37°, add 0.2 cc. of en- 
zyme solution. To the controls add 2 cc. of N sulfuric acid immediately. 
Incubate the other tubes fm- 1 hour at 37°. At the end of 1 hour remove 
the tubes from the incubator; add 2 cc. of x sulfuric acid to each tube. 
Add 2 cc. of the molj'bdate-sulfuric acid reagent and 1 cc. of the cion rea- 
gent (or, in the higher ranges of P, multiples of these amounts), as specified 
in the original paper, to each tube. Owing to the very' low protein content 
of the enzyme solutions used, no turbidity was obtained after the addition 
of the reagents. Invert the tubes once. Obtain colorimetric readings in 
from GO to 90 minutes. Deduct the control values from those of the incu- 
bated samples. Multiply' the difTercnce by' 5. 

The resulting value e,\pro.ssed in mg. represents the activity' of the extract 
in units per cc. As Itlg greatly' activates alkaline phosphatases even in 
very' low concentrations, and the degree of activation dcjjends, especially 
in the low ranges of concentration, on the amount of Mg present, it was 
found desirable to express the activity' of all extracts at the optimum l\Ig 
concentration in order to present comparable data. This optimum !Mg 
concentration is, according to Jenner and Kay (15), around 0.01 xi, or as 
is often expressed, around gMg 2. 

In the succeeding discussion, therefore, 1 unit of alkaline phosphatase 
activity will denote the amount of enzyme capable of liberating 1 mg. of 
P in the form of inorganic phosphate in'l hour at 37° and at pH 9.1, in the 
presence of 0,01 xt MgS 04 . It is important to specify the substrate in 
every case, since different substrates may' be split at different rates even 
by the same enzymie. This definition of the unit of phosphatase activity 
IS similar to that of Bodansky (16) and of Levene and Dillon (17), except 
or t le specification in respect to Mg. It seems unnecessary' to limit split- 
ting to 20 per cent, since according to Erdtman (18) hydrolysis proceeds 
in a linear manner well beyond 50 per cent if Mg is present. This could be 
verified in our experiments. 


Observations 

Extracts prepared according to Methods 1 and 2 behaved in a veiy' simi- 
ai manner, legaidless of the organ from which they' were extracted. The 
nee su s rates were hydroly'zed at rates not very' different from each 
mner, and the pattern of relative rates was closely' similar w-ith all extracts. 

phenyl phosphate showed slightly' higher rates of 
nV.ne^i'^ 4 ^ 1 ^'Sbmerophosphate, the rate hexose diphosphate-phenyl 
KinntU f being approximately 1.15:1.4:1.0. An occa- 

eronhosnw'l phenyl phosphate almost 3 times as fast as glyc- 

phate is snlit tn «nd Latreille’s (19) contention that pheny'l phos- 

uc 1 ess leadily than gly'cerophosphate by' extracts prepared 
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according to Albers and Albers could not be verified. The factor of Mg 
activation, (activit 5 " in presence o! Mg)/(activity in absence of Mg), was 
around 3 in the case of glycerophosphate, 2 or less in the case of phenyl 
phosphate, and about 1.5 in the case of he.\'ose diphosphate. Non-dialyzed 
enzjTne solutions were found, in agreement with Jeimer and KAy, to be 
much less activated bj' Mg, the corresponding factors of activation being 
around 1.7, 1.4, and 1.0, respectively. Fluoride at a concentration of 
0.01 M caused no appreciable inhibition, while cyanide at the same con- 
centration caused an inhibition exceeding 90 per cent. These data are in 
good agreement with known facts about the properties of alkaline phos- 
phomonoesterase (Asakawa (20), Hommerberg, Jenner and Kay, Auhagen 
and Grzj’cky (21), Cloetens (22, 23), and others). 

Table I 

Splitting of Hexose Diphosphate by Kon-Specific Phosphatase 
All extracts vere prepared according to the method of Albers and Albers. Ex- 
tract A, extract of dog kidney; Extract B, extract of dog intestine; Extract C, 
extract of human osteogenic sarcoma. Hexose diphosphate, 0.0025 m, IOO cc.; 
MgSO(, 0.5 M, 2 cc.; enzjTDe solution, 2 cc.; pH 9.1; temperature, 37°. 10 cc. 
samples were removed at the times specified. Total P in a 10 cc. sample, 770 v. 


Eittjct 


Phosphorus* mtcrogr&ms 



Iht. 

2 hrs. 

3 hrs. 

4 hrs. 

5 hrs. 

6 hrs. 

7hfs. j 

8 hrs. 

Phrs. 

10 hrs. 

12 hrs. 

A 

115 

215 

290 

355 

405 

450 

1 492 ! 

[ 523 

j 545 

570 

602 

B 

186 

313 

425 

493 

546 

586 

612 

630 

852 

887 

680 

C 

216 

451 

633 

730 

755 

761 





756 


In addition, it was found that both PO» groups of he.\ose diphosphate are 
removed readily by all these enzymes, as shown in Table I. There was no 
indication that the second group is hydrolyzed at a slower rate than the 
first one, beyond the reduction in rate due to the continuous inactivation 
of the enzjTne during hydrolysis, provided the concentration of the sub- 
strate did not sink below 0.0005 nr. 

These findings are essentially the same as those of Kay and Robison (24) 
on bone. 

On the other hand, extracts prepared by Method 3 mentioned showed a 
strikingly different behavior in respect to both substrate specificity and to 
activation by Mg. 

In the absence of Mg, all of the three substrates were hydrolyzed very 
slowly. In the presence of 0.01 m Mg, the hj'drolysis of phenyl phosphate 
vas accelerated about 1.5 times, that of ^-glycerophosphate about 4 times, 
and that of he.xose diphosphate from 80 to 100 times. The results of a 
flTical experiment with this type of extract are given in Table II. A de- 
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parture from the routine of taking 0.2 cc. of enr.ymc for determinations of 
activity was necessary, because with this amount of enzyme the readings 
in the first five instances (/3-glyccrophospliatc and phenyl phosphate both 
with and without Mg; hexose diphosphate witliout Mg) after incubation 
were so elose to those of tlie unincubated controls ns to be within the limits 
of experimental error. 

Nine different extracts w’cre prepared so far (two from dog kidneys, two 
from dog liver, one each from guinea pig kidneys, guinea pig liver, rabbit 
Iddneys, rat liver, and human kidneys), all of wiiich showed practically 
identical features. 

After the presence in these extracts of an enzyme, dilTerent from the well 
Imown alkaline phosphatase, seemed to be well established, further experi- 
ments w^ere carried out in an effort to characterize the new’ enzyme as 


TABi.r, II 

SpliUing of Various Substrates by Acid Autolysate of Dog Kidney 
The enzyme solution in all cases e.xccpt ns indicated was 1.0 cc. 



[ Phosphorus 


No Mg 

1 cMs2 

P-Glyccrophosphatc 

Y 

6.6 

i 

Y 

23.6 

Phenyl phosphate ’ 

15 


22.5 

Hexose diphosphate 

! 7.5 

1 

1 

160* 


* 0.2 cc. enzyme solution. 


exactly as possible. In the following jjaragraphs the new' enzy'me will be 
referred to as hexosediphosphatase. 

Properties of Enzyme 

Occurrence 1 Inwe seems to be no correlation betw'een non-specific alka- 
line phosphatase and hexosediphosphatase activitj’- of the tissues. For 
instance, intestinal mucosa of all species, placenta of the guinea pig, and 
human osteogenic sarcomas have a very high non-specific phosphatase 
activity ^5 to 55 units per gm. of tissue) but contain no hexosediphospha- 
tase. Kidneys and livers of man, the dog, guinea pig, rabbit, rat, and mouse 
contain both enzymes. Kidnej’’ was found to contain an average of 6 to 9 
units of non-specific phosphatase and 3 to 7 units of hexosediphosphatase 
per gm. of tissue, while the corresponding values for liver are 0.5 to 0.8 unit 
and 3 to 4 units, respectively. Aluscle, although known to contain an 
enzyme or enzymes capable of hydrolyzing hexose diphosphate (25), con- 
tains only traces of hexosediphosiihatase, the largest amount found being 
0.25 unit pei; gm. of tissue (rat muscle). 
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Tnadivalion of Hexoscdiphosphatase—The enz3Tne is promptlj' and irre- 
versibly inactivated by alcohol or acetone precipitation; neither the filtrate 
nor the precipitate possesses more than 3 to 5 per cent of the original activ'- 
ity of the extract. This is in sharp contrast to the Vugh. resistance of non- 
specific phosphatase to alcohol. Cloetens’ alkaline phosphatase I (22, 
5S), which in many respects bears a marked similarity to he.xosediphospha- 
tase, can be purified by repeated acetone precipitations. On the other 
hand, hexosediphosphatase is far more resistant to acids than ismon-specific 
phosphatase. It frill tolerate incubation at 37° in a medium of pH 3.4 
for 6 hours without much loss in activity, whereas non-specific phosphatase 
is completely destroyed under such conditions. 

Factors Influencing Hexosediphosphatase Activity. Sxthstrate Specificity — 
Glycerophosphate, phenyl phosphate, pj-rophosphate, and metaphosphate 
are not attacked to any appreciable degree. The onlj' substrate readily 
split was found to be hexose diphosphate. Other sugar phosphates were 
not tested. 


Table HI 

Effect of Mg on Hexoeediphosphalaee Acimty 
Hexose .diphosphate, 0.005 m, 10 cc.; enzyme, from gMg « to gMgS.S, 1.0 cc.; from 
<;Mg 3.5 to gMg 1 , 0.2 cc. All phosphorus values are calculated for 1 .0 cc. of enzyme. 


gMg (= negative loga- 
rithm of molarity) 

1 i 
! « 1 

i 

, 5.0 ! 4,5 

■ 

3.5 


2 . 5 ! 

■ 

l.J 

1.0 

P,v 

|4,5! 

I 0.5 j 10 

: 

35 

1 82 


365 I 

425 

383 


Dependence of Hexosediphosphatase Activity on pH — ^This relation is 
shown in the following tabulation. 


4.5 

5.5 

6.5 

7.0 

7.5 

8.0 1 8.5 

8.8 

9.1 

9.4 

9.7 

10.0 

0 

0 

0 

0 

0 

7 1 17 

45 

92 

105 

111 

109 


It^can be seen that the enzj’me has a rather sharp optimum around pH 
9./ and that under the conditions of this experiment it is completelj' inac- 
tive in the phj'siological range. 

Optimum Temperature of Enzyme— Tor lack of an adjustable constant 
temperature water bath this could not be determined. 

Activating Effect of Hip— This is given in Table III. As shown, hexose- 
diphosphatase is verj'- little active in the absence of Mg. 

Effect of Cyanide and Flvonde — These substances, haxdng been found bv 
Cloetens (23) to influence alkaline phosphata.ses verj’ markedly, were 
trated for their effect on he.xosediphosphatase. Cj'anide is an activator 
of hexosediphosphatase. At a concentration of 0.01 m and at pH 8.5 the 
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activation factor is around 2.3; at pH 9.1 around 2 ; at pH 9.3 around 1.5. 
Fluoride is an inhibitor. At a concentration of 0.01 M and at pH 8.5 the 
activation factor is around 0.15, at pH 9.1 around 0.3, and at pH 9.3 
around 0.4. 

Phlorhizin up to concentrations of 0.01 M has no effect. 

Kindles of Hcxoscdiphosphatasc. Effect of Concentration of Enzyme— 
Tliere is a linear relation, shij) between the amount of enzyme and the rate 
of hydrolysis. This is shown in the following tabulation. 


Dilution of enzyme j 

! SlrniElit 1 
122 

1:2 1 

1 

1:4 

1:8 

; 1:16 

P. *V ' 

C3 

32 

14 

1 8.5 






Effect of Concentration of Substrate — The optimum concentration of the 
substrate is around 0.004 ^r. The effect of the substrate concentration on 
the rate of hydrolysis is shoum in the following tabulation. 


q substrate (= negative logarithm of 
molarity) 

1.7 

2.0 

2.4 

n 

3.3 

P.7 

101 

104 

117 

mm 

67 


Course of Hydrolysis in Timc—H the amount of the enzyme is so 
chosen as to exhaust the substrate in a few hoin-s, hydrolysis shows an 
almost exactlj'' linear ti'ond until one PO 4 group is completely hj'drolyzcd, 
without any indication of inhibition by the jjhosphatc liberated. Hj'droly- 
sis does not pi'ogress be}mnd this point. If, hower'or, the substrate is 
present in a large excess in relation to the amount of the enzymic, the rate 
of hydrolysis shows a steady decline, obviously through inactivation of 
the enzyme. It can be assumed that the enzyme is inactii'ated according 
to the pattern of a regidar die-away cmwe, with an inactivation fraction 
(X) of 0.05 per hour. Tlie actual experimental values are in excellent agree- 
ment with the values calculated on this basis (Table IV). The theoretical 
values were obtained from the formula 

Tv 

in which P « stands for the total amount of phosphorus split off by the end 
of t hours, and Pi for the amount of phosphorus split off by the end of 1 
hour. This equation is derived from the more general form 

P< « f de = ~ (1 — c~^‘) 

Jo K 

in which ar is the initial concentration of tiie enzyme and K the reaction 
constant of inactivation, by substituting c~^ = 1 — X and (x/K) X — Pn 
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This transformatioa vras found to be convenient because both Pi and Pi 

can be determined directlj'. _ _ ^ 

The effect of fluoride consists in lowering the initial rate without affect- 
ing the inactivation constant. 

The effect of cyanide is a very curious one. The initial rate is greatly 
increased, while the inactivation constant is uninfluenced. Howe%'er, in 
the presence of cyanide, hydrolysis does not proceed as far as in its absence 
but stops abruptly after about 60 per cent of the substrate is half-way 
hydrolyzed. No explanation can be given for this at present. 

Table IV 


Kinelia of Bexosediphosphaiate 

Hexose diphosphate, 0.005 u, 200 cc.; MgSO<, 0.5 m, 4 cc.; enzyme, 0.5 cc. 10 cc. 
samples were removed at the times specified. 


Hrs. 

1 

2 

A 

8 

12 

24 

<8 

72 

96 

P found, 7 

“ calculated (X = 0.05 

13 

25 

50 

85 

ns 


230 

241 


per hr.), 7 

1 

25 

48 

87 

00 






Table V 


Admit/ of Enzyme Mixtures in Absence and Presence of Cyanide and Fluoride 
1:2 dilutions of the following extracts; IT = dog intestine extract (Albers and 
Albers); Q — hexosediphosphatase from dog kidney. 



Phospbonis, rruCTOgrams 

irojcc. 

QOJZcc, 

iro.2cc.+ 

Q0.2CC. 

WOAcc.’h 

OOJec. 

ITOJcc.-f 

00.4CC. 

Plain substrate 

90 

56 

152 

227 

196 

9CX 2 

3 

117 

126 ' 

180 ’ 

227 

9 P 2 

92 

20 

107 

205 

141 


Simullaneous Delerminalim of Non-Specific Phosphatase and of Hexose- 
diphosphatase in Same Sample— -As mentioned, fluoride at the concentration 
of 0.01 M has no effect on non-specific phosphatase but inhibits hexosedi- 
phosphatase to about 70 per cent; and cyanide, at the same concentration, 
inhibits non-specific phosphatase to about 95 per cent but activates hexose- 
diphosphatase to about 100 per cent. These facts, together with the 
observation that in the presence of both enzymes the combined rate of hy- 
drolysis is the sum of the indindual rates, make the simultaneous determi- 
nation of both enzjTnes in the same sample possible. Table V shows the 
acth-ity of such a mixture of the two enzymes without any addition and in 
the presence of 0.01 m cyanide and fluoride, respectively. 
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On the basis of these data the two enzymes can be determined simul- 
taneousb' by first determining their' combined activity on plain hexose 
diphosphate with Mg, tlien on the same substrate containing 0.01 m cyanide ■ 
(the pH of the cj^anide solution must be adjusted to that of the substrate), 
and the result can be checked b}’ determining the activity in the presence 
of 0.01 At fluoride. If activit}' on the plain substrate is denoted by A, 
that in the presence of cyanide by B, and that in the presence of fluoride by 
C, the following equations will hold: ..-I = non-specific phosphatase + 
he.xosediphosphatase, B = 0.05 X non-specific i)bosphntnsc 2 X he.xose- 
diphosphatase, C = non-specific phosphatase -f 0.3 X hexosediphos- 
pliatase. Hence non-specific phosphatase = (2/1 — 5)/! .95 or (C - 
0.3i4)/0.7 and he.\-osediphosphatase = (207? — -'l)/39 or (/I — C)/Q.T. 

On the basis of such calculations Cloetens’ enzyme (22) would probably 
be included under he.\osediphosphatase. 

The two enzymes were determined in a number of crude c.vtracts, and 
good checks were obtained. 


Comment 

On the basis of the aforementioned data there can be little doubt that 
he.xosediphosphatase is distinctly different from the well known alkaline 
enz 5 'me. Although fresh saline extracts of muscle hydrolyze one POt 
group of hexose diphosphate very readil 3 ' (25), and this hj'drolj'sis is in- 
hibited bj' fluoride, the fact that practicall}' no hexosediphosphatase could 
be recovered from muscle tissue, together with the contrast between the 
marked instabilitj’’ of the muscle enz 3 TOe and the c.xcellent stability of 
hexosediphosphatase, seems to be sufficient e\'idencc for the non-identit 3 ' 
of the two enz 3 ’’mes. Cloetens’ alkaline phosphatase I shows a striking 
similaiit 3 ^ to hexosediphosphatase in three respects: firet, it is practicall3’ 
inactive in the absence of Mg; second, it is highl 3 f resistant to low pH; 
thiid, it is inhibited b 3 ’’ fluoride and not affected b 3 ’' c 3 '’anide. On the other 
hand, it is different from hexosediphosphatase in the following respects: 
it can be purified b 5 '^ repeated acetone precipitations; it attacks gl 3 ’’cerophos- 
pha.te ver 3 ^ readily; it is far more rapidl 3 '- inactivated during h 3 'drol 3 'sis 
( 6) than hexosediphosphatase. In conclusion, hexosediphosphatase 
seems to be an enz 3 mre distinctly different from all known members of the 
alkaline phosphatase group. 


summaky 

Kidney and^ liver tissues contain an alkaline phosphatase with a strict 
su strate specificity for hexose diphosphate. It is inactive in the absence 
of Mg. It is activated by C 3 ^anide and inhibited by fluoride. 
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SUBSTITUTION OF HEATED ASPARAGINE-GLUTAMATE MIX- 
TURE FOR NICOTINAMIDE AS A GROWTH FACTOR FOR 
BACTERIUM D^ENTERIAE AND OTHER MICROORGANISMS 

Br MARIANNA R. BOVARNICK 

(From the Division of Laboratoriee ettid Beeearch, A^cio York State Departjnent of Healthf 

Albany) 

(Received for publication, February II, 1913) 

During the course of an inve^igation of the suitability of various simple 
media for the production of nicotinamide-deficient dysentery bacilli, it rvas 
observed that the strains of Bacterium dysenteriae, Schmitz, Sonne, and 
Flexner, thus far tested, all of which had been found to require nicotinamide 
as an essential grondh factor, grew moderately well in the absence of this 
compound on a medium containing asparagine and glutamic acid. Further 
study disclosed that it was necessary to heat these two amino acids together 
in neutral solution for at least 24 hours to obtain maximal growth in the 
absence of nicotinamide; if they were heated separately before being added 
to the medium, little or no growth occurred. Since relatively high con- 
centrations of asparagine and glutamic acid were required to replace nico- 
tinamide, it was essential to demonstrate that the phenomenon was not 
due to traces of some other substance in one or both of the nattmal com- 
pounds used. Therefore, the experiments were repeated with entirely 
Bjmthetic glutamic acid and aspara^e. The same results were obtained. 
Furthermore, active mixtures have been tested for their ability to support 
the growth of other microorganisms known to require nicotinamide; 
namely, Staphylococcus aureus and Lactobacillus arahinosus (1, 2). In 
each case it has been possible to replace nicotinamide completely by a 
heated mixture of aspara^e and glutanuc acid. 

EXFERIMENTAI, 

Media 

The aspara^ne-cystine-tryptophane medium described bj' Dorfman 
ei aL (3), which will be referred to as S. A., was used for the dj'sentery 
strains. It was made up in a concentration times the final strength, 
autoclaved, and after addition of sufficient 20 per cent glucose to bring 
^ final concentration to 1 per cent, was dispensed in 6.6 ml. amounts. 
The volume in each tube was brought up to 10 ml. by the addition of water 
or the solution to be tested. In some instances, a similar medium, with 
c asparagine omitted, designated S. O., was employed for testing solu- 
tions that provided an adequate source of nitrogen. 

IBl 
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Tlie stapliylococci were gro\\Ti on n clmrcoal-lreated casein hydrol 3 ’sate, 
supplemented with salts, tiyptophanc, ej'stine, thiamine, and glucose (4, 
5). This was made up in twice the final strength, dispensed, after auto- 
claving, in 5 ml. quantities, and diluted to 10 ml. as with medium S. A. 

The medium for Lactobacillus arahhwsus was prepared ns described by 
Snell and Wright (2) and modified by Isbell (0), but dispensed after auto- 
cla\’ing as with the other media. 


Taule I 

Replacement of Nicotinamide .(ts Growth Factor for Various Strains of Bacteria by 
Heated Asparagine-Glutamate Mixture 


Colorimeter readings 


1 

Strain ] 

Strain No. 

1 

medium 

Medium with 
nicotinamide 

Medium 
with heated 
asparasine- 
glutamate, 
0.006S V 

J.W X 
lO-^u 

l.M X 
10-< « 

Bacterium dyscntcriac Floxncr . . . 

32 

0 


125 

117 

It (( 

38401 

2 


116 

116 

t( 4i 

38376 i 

0 

i 04 

118 

120 

“ “ Sonne . . 

231 

1 

104 

102 

120 


329 

4 

92 

91 

i 100 

" “ Schmitz 

3822 ! 

2 

108 

106 

128 

Staphylococcus aureus . . . 

39295 i 

2 

165 

1 210 

205 


40860 

11 

182 

209 

190 

“ albvs 

3895 

3 

105 

209 

157 


1 

ml. O.I 

ml. O.J 

ml. 0.1 

m/. OJ 



A* NqOU 

K .\aOU 

KXaOll 

.Y.VoOfl 

Lactobacillus arabinosus* 

4239 

0.60 

5.34 

6.79 

6.73 


* American Type Culture Collection No. SOM. 


Assays 

In the assaj^s for nicotinamide substitutes with staphylococci or Bac- 
tcrium dysenieriae, a 16 to 24 hour beef infusion broth culture of the micro- 
organism was used to prepare the inoculum. The bacteria were centri- 
uged, washed twice wdth isotonic saline, resuspended in a volume of saline 
equal to that of the broth culture, and diluted 1:100; 0.2 ml. of this dilution 
vas a ed to 10 ml. of test medium. Immediately^ before inoculation, 
. m . o a 0.5 per cent solution of thioglyrcolic acid was added to each tube, 
ihe cultures were incubated for 2 days at 35°. 5 ml. of each were trans- 
ene to standard bore test-tubes, and the extent of growth estimated 
ui 1 metrically in a IQett-Summerson photoelectric colorimeter. For 
the dysentery bacilli a blue filter (No. 42. ma.ximum transmission at 430 my) 
Mas use , or t le staphylococci a red filter (No. 66, maximum transmission 


Table II 

Effect of Nicotinamide and of Heated Mixtures of Asparagine and Glutamic Acid on 
Growth of Two Strains of Bacterium dysenteriac 


Except where othem-ise noted, the mixtures were heated at pH 6.5 to 6.8. 


Ei- 

peri* S 
meat 

No. 

train 
No. n 

Basai 

ledtum 

Added substances ^ 

Concentration | 
in medium 

Color- 1 

jaetcr 

tading 

Final 

pH 





ii 



1 

3822 ! 

s. A. ; 

Micotinamide ' 

0 

2 

7.0 


3822 



4.1 X 10-* 

60 

6.6 


3822 




1.6 X 10-’ 

96 

5.0 


3822 


' 

1.6 X 10-' 

100 

5.0 

2 

3822 

S. 0. 

1-Asparagine and I-glutamate, mixed 

0.02 

24 

7.0 




after heating each 24 hrs.’ 




3 

3822 

S. A. 

1-Asparagine and 1-glutamate, heated 

0.0068 

108 

4.9 


3822 

n 

together 48 hra.* 

0.002 

83 

6.4 


3822 

tt 


0.00068 

47 

6.8 

12 

3822 

S. 0. 

di-Asparagine and dl-glutamate, 

0.02 

26 

7.0 




mixed after heating each 48 hrs.* 




13 

3822 

S. A. 

dl-Asparagine and dl-glutamate, 

0.0068 

121 



3822 


heated together 48 hrs.* 

0.002 

88 

5.6 


3823 

i <( 


0.00068 

57 

6.7 

21 

329 

ti 

Nicotinamide 

0 

4 



329 

It 


4.1 X 10-> 

1 48 

6.6 


329 

it 1 


1.6 X 10-’ 

92 

5.2 


329 



1.6 X 10-' 

91 

5.2 

22 

329 

s.o. 

Glutamic acid, autoclaved in rnedi- 

0 

1 

7.0 


329 


um, 4 gm. per liter, -h nicotinamide 

4.1 X 10-« 

28 

6.6 


320 

n 


1.6 X 10-’ 

70 

5-1 

23 

329 

it 

dl-Asparagine and dl-glutamate, 

0.02 

100 

5.2 




heated together 24 hrs.f 




24 

329 

it 

l-.Aisparaginc and 1-glutamate, heatec 

1 0.02 

116 

5.2 




together 24 hrs., at pH 6.8t 




25 

329 

“ 

Same at pH 9.1t 

0.02 

90 

mm 

2G 

329 

1 I 

“ “ " 4.4t 

0.02 

72 

6.0 

2T 

3K 

i 

“ “ “ 2.5t 

0.02 

20 

6.9 

28 

; 32! 

1 S. A. 

I l-Asparagine and 1-aspartatc, heated 

0.02 

19 

6.8 




1 together 24 hrs.t 




2a 

i 32! 

3 

1 1-Glutamate and l-aspartate, heated 

0.02 

28 

6.8 




! together 24 hrs.t 




3C 

) 32 

9 “ 

1-Asparaginc and 1-glycine, heated 

1 0.02 

25 

6.8 

~~ 


i 

together 24 hrs.f 
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Tadlr II — Concluded 


Ex- 

perU 

ment 

No. 

Strain 

No. 

Basal 

medium 

A(](l«l Bubslanccs 

Conccnlfilion 

1 in medium 

! 

Color- 
imcler 
, reading 

[ 

Finjl 

pH 

31 

329 

S. A. 

1-Glutnmatc and /-glvcinc, heated 

0.02 

32 

6.8 




together 2i hra.t 




32 

329 

<( 

2-Aspnraginc, heated 24 hrs.t 

0.02 

26 

6.8 

33 

329 

1 

1 

2-Glutnmate, “ 24 " t 

0.02 

30 

0.8 

34 

1 

329 : 


Glutamine and aspartic acid, filtered 

0.02 

64 

0.8 

35 

3822 

it 

“ filtered 

0.02 

56 

6.7 

36 i 

3822 

n 

“ heated 24 hrs.t 

0.0008 

111 j 


37 

3822 

t< 

2-Asparaginc and pyrrolidonccarbox- 

0.02 

58 

6.8 




ylic acid, healed together 48 hrs.* 




38 

3822 

n 

rfl-Glutamate and df-isoasparaginc, 

0.02 

95 





heated together 48 hrs.* 

O.OOCS 

54 

6.6 

39 

3822 

S. 0. 

dl-Glutamatc and accttiniido, heated 

0.02 

o 

*> 

7.0 


3822 

S. A. 

together 48 lira,* 

0.02 

30 

m 


The affix I- is used to denote amino acids from natural sources and dl- the synthetic 


compounds. 

* The asparagine-glutamate solution contained 7 X FcSO<. 

t The tube containing the asparagine-glutamate solution was closed with a cotton 
plug during the heating period. 

at 660 m^) was used to reduce the high blank reading due to the }’'elIow 
color of the medium itself. Table I records the observed readings, cor- 
rected for that obtained tvith the medium alone. Previousl}'' it had been 
determined by plate counts that these readings were directly proportional 
to the amount of growth. Since growth of any one strain in the presence 
of given amounts of nicotinamide, as estimated turbidimetrically, varied 
in different media, whereas acid production from glucose was a more nearlj' 
constant function of the nicotinamide concentration regardless of the 
medium (Table II, Experiments 21 and 22), colorimetric determinations of 
the final pH were also made. 

The assaj's with Lacldbacillus arahinosus were carried out as described bj' 
Snell and Wright (2). The acid formed after 72 hours of growth was 
determined by titration to phenol red vdth 0.1 n NaOH. 

Preparation of Nicotinamide Substitute from Asparagine and Glutamic Acid 

A solution of equimolar quantities of asparagine and glutamic acid, 
generally 50 mg. per ml., was neutralized to brom-thymol blue in a gradu- 
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ated centrifuge tube and heated for 24 hours or longer at lOO"; the water 
lost during the prolonged heating was replaced at inten'als and at the end 
of the heating period the solution was restored to its ori^al volume nith 
sterile distilled water. At this time the solution was alwaj-s sterile, but if 
for anj' reason further sterilization becomes necessarj" autoclaring does not 
alter its actmty. Suitable dilutions were made for testing. Glutamic 
acid or asparagine alone in the same concentration was similarly treated 
for control experiments. Later work showed that iron salts catalyze the 
reaction and therefore in some instances 7 X 10“* M FeS 04 was added 
before heating. fSTren the tubes were closed uith cotton plugs, as in the 
earlier experiments, addition of iron was uimecessarj', probably because of 
the extraction of traces of iron from the cotton. 

Preparation of Ckemicak 

A commercial sample of natural asparagine twice recry'stallized from 
water was employed. Natural glutamic acid was treated with charcoal 
and tuice crystallized as the hydrochloride. 

Sj-nthetic asparagine was prepared by two methods. 

Method 1 — This method followed the general procedure of Bergmann and 
Zen’as (7,8), starting from sjTithetie dl-aspartic acid, but with the toluene- 
Bulfonyi derivative in place of the carbobenzoxj' derivative. 

p-Toluenesulfonylasparlic Acid — ^A solution of 17 gm. of dZ-aspartic acid 
in 2 equivalents of 4 k NaOH and an equal volume of water was shaken 
with a solution of 48.7 gm. of p-toluenesulfonyl chloride in 200 ml. of ether. 
After an hour 1 equivalent of 4 n NaOH was added and the process repeated 
twice at inten'als of from 2 to 3 hours. 3 hours after the last adrhtion of 
alkali, the water layer was separated, aerated to remove dissolved ether, 
and acidified to Congo red with concentrated HCl. The resulting clear 
solution was left in the cold room, and overnight p-toluenesulfonylaspartic 
acid crj'stallized out. After several days 27 gm. were collected. M.p. 
159-160® after drj’ing (90°); j-ield 69 per cent. 

Anafysis— Found, N 4.57; theory for monohydrate, 4.59 
" HjO (90° in racuo) 5^2; theory, 5.90 

The compound is readily soluble only in hot water and was reciy'stallized 
once from water. Neither the nitrogen value nor the melting point was 
altered, but reciystallization was found essential to prevent the formation 
of colored material in the next step. 

p-ToJucnesulfonylaspartic Acid Anhydride— 19.7 gm. of p-toluenesulfonyl- 
aspartic acid were dried to constant weight in a vacuum oven at 90°, sus- 
pended in 50 ml. of fr^hly distilled acetic anhydride, and the mixture was 
then brought to a boil. The resulting solution was rapidly cooled and 1 
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volume of dry ether and 2 volumes of jictrolcum ether were added. An oil 
separated at once and soon crystallized. The crystals were filtered off, 
washed with ether-petroleum ether, and diied ns soon as possible. Yield 
14.9 gm. (86 per cent); m.p. 158.5-160°. 

Analj/sis— Found, N 6.20; theory, 5.21 

'p-Toluencsitlfonylbcnzijl Aspartalc — 14.8 gm. of anhj’drido were heated 
with 10 ml. of freshly distilled benzyl alcohol at 100° for 31 hours under a 
condenser fitted with a calcium chloride tube. After cooling, the mixture 
was dissolved in ether and e.vtracted several times with 5 per cent NallCOi. 
The combined e.\tracts were filtered, aerated, and acidified to Congo red 
with concentrated HCl. An oil .separated that solidified after prolonged 
stirring or preferably seeding. Yield 18 gm. (87 per cent) ; m.p. 80-104°. 

idna/i/sis— Found, N 3.71; theory, 3.71 

Ihe two isomeric benzj’l esteis were sej^arated bj' repeated fractional 
crystallization from cthcr-jietrolcum ether. For final purification the 
esters wore recrystallizcd to constant and sharp melting points. Advan- 
tage was taken of the fact that Ester I, present in the smallest amount, was 
much less soluble in ether than Ester II. Thus, some of Ester I could be 
left undissoh'cd on e.xtraction of the mixture with ether, whereas' on per- 
cipitation with petroleum ether (approximately 0.5 to 0.75 volume), Ester 
II was the first to crystallize. Ester I was finallj' recrystallizcd from ethyl 
acetate and petroleum ether. 

From 54.5 gm. of the mixed esters were isolated 10 gm. (IS per cent) of 
Ester I and 35.6 gm. (65 per cent) of Ester II. 

Ester I M.p. 135.5-137°. Found, N 3.71; theory 3 71 

Ester ri-M.p. 108.5-109°. Found, N 3.73; theory, 3.71 

Ester II, the predominant isomer, was assumed by analogy with the 
behawor of the carbobenzoxy compounds (8) to be the isobenzyl ester, 
an ui thei evidence for this assumption will be presented later. Attempts 
to obtain asparagine by converting this to the acid chloride with thionyl 
c 1 on e and then to the amide tvith aqueous ammonia gave veiy poor 
yields, partly because the ester group itself reacted ivith ammonia, to give 
the diamidc of p-toluenesulfonylaspartic acid. Therefore, this method was 
a an one and each ester converted to the corresponding amide bj’’ treat- 
nient \Mth ammonia. 

p-Tobic7iesuJfomjlasparagine~A solution of 4.04 gm. of Ester I in 22 ml. 
ol 25 per cent aqueous ammonia was allowed to stand at room temperature. 

formed during the 1st hour, gradual^’- redissolved. 
■i r loum, the solution was acidified to Congo I’ed and placed in the 
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cold room. Crj'stals of p-toluenesulfonylasparagine rapidly formed. M- 
ter being filtered and dried, the crj-stals were washed several times mth 
ether. Yield 2.72 gm. (89 per cent); m.p. 173.5-174“. 

Analysis — Found, N 9.84; theoo', 9.'9 

On recrs'stallization from hot water the melting point was raised to 
174.5-175.5°. 

p-Tohienesulfonylisoasparagine — 5 gm. of Ester II, treated similarly, 
jnelded 3.24 gm. of p-toluenesulfonj’lisoasparagine, m.p. 177.5-178°. 

Analysis — Found, N 9.66; theorj'. 9.79 

Tins could be recrj’stallized from hot water without change in melting 
point. Both compounds were markedly soluble only in alcohol, acetone, 
and hot water. 

Asparagine — 2 gm. of p-toluenesulfonylasparagine were suspended in 
liquid ammonia with mechanical stirring and reduced by the gradual addi- 
tion of 1 .38 gm. of Na (8 atoms). 4 hours after the last addition, 3.32 gm. 
of NH<C1 were added and the ammonia allowed to evaporate. The residue 
was dissolved in dilute HCl and the thiocresol was removed by repeated 
extraction with ether. The water solution was then e\’aporated in vacua 
nearly to drjmess. The mixture was extracted with a solution containing 
5 parts of 95 per cent alcohol to 1 part of concentrated HCl, and filtered. 
On neutralization of the filtrate to litmus with 4 x XHj, an oil}' precipitate 
settled out. This ciystallized overnight as prisms. Yield 0.73 gm. (70 
per cent). The product was rcciystallized once from 50 per cent alcohol 
and twice from hot water with the addition of sufficient X'aOH to bring 
the pH to between 0 and 7, giving 0.48 gm. of pure a.sparagine. 

/Inaiysis— Found, N 18.61, .imide K 9.25, HjO (110”) 12.02 

Calculated for CiHjXjOj-H.O, X 18.67, amide X 9.34, H.O 12.00 

Isoasparagine — 4,0 gm. of p-toluenesulfonylisoasparagine, treated ac- 
cording to the same procedure, }ielded 1.42 gm. (77 per cent) of crude 
isoasparagine which, on reciystallization from dilute alcohol, then water, 
gave 0.63 gm. of the pure compound in the form of needles. 

Analysis— Found, HjO (110°) 0.48, K 21.04 (corrected for moisture 21 .16), amide 

K 10.56 (corrected for moisture 10.62) 
Theorj- for C,H,NjOi, X 21.21, amide X 10.61 

The isoasparagine could be distinguished from the normal asparagine 
not only by the marked difference in crystalline form, the former crj'stalliz- 
ing as needles, the latter as prisms similar to the natural asparagine, but 
also by the relative rates of acid hydrolysis. After 45 minutes in a boiling 
w-atcr bath in the presence of 0.25 x HCl, natural asparagine vielded 3 1 
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per cent of its total amide nitrogen as free ammonia, normal 33711110^0 
asparagine, 31 per cent, and sx'nthctic isoasparaginc, 74 per cent; after 110 
minutes the extent of h 3 ’'drol 3 'sis respcctivcl}' ivas 48, 49, and 93 per cent. 
The ammonia liberated was estimated bx' the method of Puchcr, Vicker}', 
and Leavenworth (9). No liberation of ammonia from an}' of these com- 
pounds could be detected b 3 ' this method before acid lu'drob'sis. 

Method 2 — ^Asparagine was also subsequentlx’ prepared from sodium 
diethyl oxalacetate as described b 3 ’ Cocker (10).' This method gax’c low 
3 delds, and repeated recr 3 ’stallization of the end-product from xvater, xnth 
neutralization of the hot solution to ax'oid coprccipitation of aspartic acid, 
xvas necessary in order to obtain a product xx-ith the correct nitrogen con- 
tent. Hoxvex'er, the time required for the S 3 ’nthcsis xvas considerably 
shorter. 

Synthetic Glutamic Acid — This material xvas prepared from a-ketogluhinc 
acid by the method of Knoop and Ocsterlin (11). 


AnalyBii — Found, N 9.62; theory, 9.52 

The other compounds tested xx-erc aspartic acid, glutamine, gb’cme, 
acetamide, and pyrrolidonecarboxylic acid. The last was prepared from 
commercial glutamic acid (12). The others xx-erc commercial products, 
used without further purification. 

Rcsidls 

It can be seen from the data gix'-en in Table I that sex'-eral strains of Bac- 
terium dysenteriae, staph 3 'Iococci, and Lactobacillus arabinosus, all of xx-hich 
require nicotinamide for groxx-th on the basal media described, groxv xvell 
xvithout tliis compound if a solution containing asparagine and glutamic 
acid, prexiously heated for 48 hours, is substituted. A more detailed and 
quantitative study of the ability of heated asparagine-glutamate, or other 
amino acid mixture, to substitute for nicotinamide xx-as carried out xx-ith txvo 
strains of dy'sentery bacilli. The results of typical experiments are pre- 
sented in Table II. 

That the effect of this substitution is not due to traces of impurities in 
the natural asparagine or glutamic acid is demonstrated by experiments 
shoxxdng that full groxvth takes place in the presence of a heated mixture 
of synthetic asparagine and glutamic acid xxdth basal medium S. 0. that 

X It xvas found impossible to purify the diethyl aspartate by vacuum distillation, 
oxx'ing to almost complete decomposition of the ester even before its boiling point 
was reached. Therefore, this compound xx-as isolated as the hydrochloride by passing 
dry HCl with cooling into the dry ether solution obtained after the reduction of the 
oxime with aluminum amalgam. The hydrochloride is a crystalline solid xx-hich can 
be kept without decomposition for long periods in a desiccator. 

Analysis— Found, N 6.13; theory, 6.21 
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contains no natural sources of nitrogen except small amounts of cystine and 
trj’ptophane (Experiment 23). This is confirmed by the fact that corre- 
sponding concentrations of heated mixtures of the synthetic and natural 
amino acids give similar amounts of growth (Experiments 3 and 13), 
despite the fact that a relatively high concentration of the amino acids, 
6.8 X 10~’ M, is required to replace a very low concentration, 1.6 X 10~’ M, 
of nicotinamide. More prolonged heating and the presence of higher 
concentrations of iron or of manganese produce mixtures active in higher 
dilutions, but in no case as yet has the molar activity of a mixture ap- 
proached that of nicotinamide. 

'W hen the asparagine and glutamic acid are heated separately and then 
both added to the medium, limited growth takes place, even when the syn- 
thetic compounds are used (Experiments 2, 12, and 33). This may be due 
to a slow reaction during the 2 day incubation of the culture at 35°. How- 
ever, since heated asparagine alone (Experiment 32) may give the same 
limited growth, the explanation is not yet clear. In any case, the effects 
nith the separately heated compounds are always of a much lower order 
of magnitude than those observed when the two are heated together. 
From these results it appears quite clear that glutamic acid and asparagine, 
when heated together in neutral solution at 100°, react with each other to 
produce some substance that can substitute for nicotinamide as a growth 
factor for the bacteria tested. 

The most favorable conditions for the production of an active reaction 
mixture prevail at about pH 7. Much less activity is obtained at pH 9 or 
4, and none at all at pH 2.5. The lower activity of acid and alkaline solu- 
tions may be due to hydrolysis of the asparagine under these conditions, 
and at pH 4, at which the asparagine should be quite stable (13), the 
glutamic acid is more rapidly converted to p 3 Trolidonecarboxylic acid (14). 
It was thought at one time that the latter eompound might be an inter- 
mediary but direct test showed it to be very much less active than glutamic 
acid after heating with asparagine. Aspartic acid and glycine also could 
not be substituted for either reactant. A further possible product wluch 
might be the active substance was glutamine, although this seemed un- 
likely in \iew of its notable heat instability (13) in contrast with the ap- 
parent relative heat stability of the active product. Tests with glutamine, 
sterilized by filtration, showed that although some growih did occur with 
0.02 M glutamine it was less than that with smaller concentrations, 0.0068 
M, of asparagine and glutamic acid. TlTien the glutamine solution was 
heated for 24 hours at 100°, it became considerably more active. Whether 
this indicates that glutamine is an intermediary in the reaction is, however, 
uncertain, since the commercial sample used was an ob\dously impure one. 

The only compormd foimd capable of replacing aspara^e was the iso- 
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asparagine, prepared from syntiietic aspartic acid. This substance, after 
being heated with glutamic acid, gave fair growth and some acid production 
at a concentration of 0.02 m. The mixture was less active than those 
containing asparagine, jrossibl}’' because of the mucii more rapid rate of 
hydrolysis of the isoasparaginc. 

The ability of isoasi)araginc to substitute for asparagine and the activity 
of heated glutamine suggested the possibility that these compounds serve 
only as amide group donore and therefore an attempt was made to sub- 
stitute acetamide in the reaction. However, the Iieated glutamate- 
acetamide mixture showed no more acti^dty than glutamic acid alone. 
Either acetamide is not a suitable amide donor or asparagine has some 
further function. 

Later experiments not included in Table II have shown that different 
rates of reaction may be obtained nith different commercial samples of 
glutamic acid and asparagine and that the rate is increased if the tubes are 
closed rvith cotton stoppers. These variations are probably due to traces 
of metals in some of the amino acid preparations and in the cotton, since 
certain metal salt mixtures, of which manganese and, to a less extent, iron 
appear to be the most active constituents, catalj^zc the reaction. Very 
little acthdty is produced if the reaction takes place in a drj" melt of as- 
paragine and glutamic acid or sodium glutamate, or in an actively boiling 
solution. Finally', it has recently been obseiTcd that several other amino 
acids may be substituted for the glutamic acid and the results of these 
experiments will be published shortly. 

The nature of the reaction product is unknown. Whether nicotinamide 
itself is formed cannot be determined at present, since solutions sufficiently 
active to be tested chemically for this substance have not thus far been 
obtained. Preliminary to an attempt at identification of the active pro- 
duct, investigations are under way^ to determine the most favorable condi- 
tions for its formation. 


SUMMARY 

A neutral solution of glutamic acid and asparagine, after being heated 
at 100° for several days, can substitute for nicotinamide as a growth factor 
for several strains of Bacterium dysenteriac, staphylococci, and Lactobacillus 
arabinosus. 

The observation has been repeated with synthetic compounds. A 
method for the synthesis of asparagine and isoasparagine is described. 

BIBLIOGRAPHY 

1. Knight, B. C. J. G., Biochem. J., 31, 731 (1937). 

2. Snell, E. E., and Wright, L. D., J. Biol. Chem., 139, 675 (1941). 



M. K. BOVARXICK 


161 


3. Dorfman, A., Koser,_ S. A,, Reames, H. R., Sn-ingle, K, F., and Saunders, F., 

J. Infect. Dh., 66, 163 (1939). 

4. Strauss, E„ Dingle, J. H., and Finland, M., J. Immunol., 42, 331 (1941). 

5. Knight, B, C. J. G., Bril. J. Exp. Path., 16, 315 (1935). 

6. Isbell, H., J. Biol. Chem., 144, 567 (1942). 

7. Bergmann, M., and Zervas, h., Ber. chem. Ges., 66, 1192 (1932). 

8. Bergmann, M., Zervas, L., and Saizmann, L., Ber, chem. Ges., 66, 12S8 (1933). 

9. Pucher, G. W., Vickery, H. B., and Leavenworth, C. S., Ind. and Eng. Chem., 

Anal. Ed., 7, 152 (1935), 

10. Cocker, IV., J. Chem. Soc., 1489 (1940). 

11. Knoop, F,, and Oesterlin, H., Z. physiol. Chem,, 170, 186 (1927). 

12. Lichtenstein, N., J. Am. Chem. Soc., 64 , 1021 (1942). 

13. Vickery, H. B., Pucher, G. W., Clark, H. E., Chibnall, A. C., and IVestall, R. G., 

Biochem. J., 29, 2710 (1935). 

14. Wilson, H., and Cannan, R. K., J. Biol. Chem., 119, 309 (1937). 




STUDIES ON TWO CHEMICALLY UNIDENTIFIED WATER- 

SOLUBLE yita:\iins necessary for the chick* 

Bt G. M. BRIGGS, Jr., T. D. LUCKEV, C. A. EU-EHJEM, asd E. B. HART 

(From the Department of Bioekemitlry, College of Agriculture, Vnirertity ofiyitcomtn, 

Madieon) 

(Received for publication, Februarj' 6, 1!M3) 

It is well recognized that liver, yeast, and other natural products supply 
water-soluble factors, distinct from the knomi vitamins and necessarj' in 
the diet of the chick. Several reports from this laboratorj' have demon- 
strated that chicks receiting purified rations containing all the known 
nutrients do not grow maximally unless liver, or a liver concentrate, is 
provided. Hutchings, Bohonos, Hegsted, Elvehjem, and Peterson (1) 
reported that fractions rich in the norit eluate factor necessarj* for Lacto- 
bacillus casei (folic acid (2)) were active on a purified chick ration in pro- 
moting growth. Mills, Briggs, Elvehjem, and Hart (3) found that similar 
fractions, containing the Lactohadllus casei factor, were necessarj* for 
feather develt^ment and hemoglobin formation as well as for growth. It 
was suggested that there were at least two unidentified factors pr^ent in 
liver. Evidence that these same liver fractions are essential for normal de- 
velopment of the chicken embryo has been presented bj* Cravens, Sebesta, 
Halpin, and Hart (4). 

This paper presents studies on the e.xistence of at least two water-soluble 
vitamins of the B comple.x distinct from all of the known %*itamins, includ- 
ing folic acid. One of these factors is necessarj* for feather formation, while 
another is essential for growth in the chick. 

EXPERIMESTAU 

Daj*-old white Leghorn chicks were used throughout and raised in elec- 
tricallj' heated cages with raised screen bottoms. In all the e,vperiments 
the chicks were fed the basal ration for 3 daj’s and then divided into uni- 
form groups of six according to weight before supplements were added. 
Water and feed were supplied ad libitum. 

Published with the approval of the Director of the "Wisconsin Agricultural Ex- 
periment Station. Supported in part by grants from the Wisconsin Alumni Research 
Foundation and Swift and Company. 

W c arc indebted to Merck and Company, Inc., Rahway, ICew Jersey, for the ervs- 
talline vitamins; to The Wilson Laboratories, Chicago, for solubilized liver (liver 
Fraction L) and whole liver substance; to WTilson and Company, Inc., Chicago, for 
gelatin; to Cerophyl Laboratories, Inc., Kansas City,Missouri,forgrsss juice powder; 
and to Allied Mills, Inc,, Peoria, IlUnois, for soy bean oil. 
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The basal ration (No. 4S4K) is similar to those used prcwously (I, 3) 
and had the following percentage composition: dextrin 59, alcohol-ex- 
tracted casein 18, gelatin 10, Salts 5* G, soy bean oil 5, and kidney residue 
(3) (a source of biotin) 2. Each 100 gm. also contained /-cystine 300 mg., 
thiamine 0.3 mg., pyridoxine 0.4 mg., riboflavin 0.6 mg., pantothenic acid 
1.5 mg., choline 150 mg., nicotinic acid 10 mg., t-inositol 100 mg., 2-melhyl- 
1,4-naphthoquinonc 0.5 mg., and a-tocojihcrol 0.3 mg. Each chick re- 
ceived 3 drops of a xdtamin A and D concentrate wcckl}'. The gelatin, 
when cj'stine is supplied in the ration, appears to function solely ns a source 
of arginine and glycine (G). 

The Superfiltrol eluate of solubilized liver was prepared according to the 
method of Hutchings, Bohonos, and Peterson (7). In brief, it is made by 
treating a solution (pH 3) of solubilized liver with norit and eluting the 
norit vith a mixture of water, alcohol, and ammonia. Adsorption and 
elution are repeated with Superfiltrol.- 

A scheme for the separation of the other preparations used in this work 
is given. The starting material in each case was the Superfiltrol eluate 
described above. All precipitations, made with eth):! alcohol, were allowed 
to stand in the cold (—7°) for 4 hours or more before filtration. If the 
solution was acid, the residue was filtered off as quicklj' as possible after 
the 4 hour period and the filtrate neutralized to prevent pos.siblc destruction 
of the active factors. 

Assaj's for folic acid were made according to the method of hlitchell and 
Snell (8) vdth Slrcplococcus lactis R as the test organism and solubilized 
liver as the standard. 


ResuUs 

The results of five different series arc averaged in Table I. On the basal 
ration feather development of the chicks was poor and the growth rate Was 
retarded. As solubilized liver was fed in increasing amounts (which corre- 
spondingly increased the folic acid level of the ration), the rate of growth 
and feather development hkeudse increased. As reported prewously (3) 
the Superfiltrol eluate (Groups 6 to 8) gave results nearly equal to those 
obtained with the solubilized liver. Groups 13 to 22 show the results of 

* Salts 5, a modification of Salts 4 (5), is composed of the following; 

FeCC.HsOil.-fiHjO 55 

1C,HF0« 045 KI 1.6 

CaHP04-2Hj0 519 MnS04.4H-0 15.S 

MgSOi-THjO 204 ZnCIs 0.5 

335 CuSO^-SHsO 0.6 

a ^ ^ cent, this mixture supplies 100 parts per million of manganese. 
The Superfiltrol was obtained from the Filtrol Corporation, 315 West Fifth 
otreet, Los Angeles. 
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Tadle I 

Groivlh and Feathering of Chicks Compared to “Folic Acid" Content of Supplements 
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12 

! 0 

211 

55.3 

53 

13 

Preparation 1 ~ 5% solubilized 

5 

1 0 

211 

i 22.5 

75 


liver 

1 

1 


1 


14 

Preparation 2 ~ 5% solubilized 

5 

' 0 

206 

22.5 

100 


liver 






15 

Preparation 30 ~ 5% solubilized 

c 

0 

240 

6.3 

85 


liver 






16 

Preparation 33 ~ 5% solubilized 

6 

0 

200 

16.3 

30 


liver 



i 

1 


17 

Preparation 34 ~ 5% solubilized 

6 

0 

280 

• 17.5 

90 


liver 



1 

1 


18 

Preparation 52 ~ 5% solubilized | 

12 

0 

284 

27.5 

100 


liver 


i 


' 1 


19 

Preparation 5SA ~ 5% solubilized 

6 

0 

196 

2.1 

40 


liver 



1 



20t 

Preparation 67 ~ 5% solubilized 

6 

1 

143 

1 13. 8 

35 


liver 1 




1 

1 

21 

Preparation 72 ~ 10% solubilized j 

0 

1 

185 

25.0 

1 35 


liver 1 

i 





22 

Preparation 73 ~ 10% solubilized 

6 

1 

183 

5.3 

35 


liver { 






23 

Superfiltrol eluate ~ 5% solubilized j 

6 i 

0 

239 

51.0 

95 


liver 







* Since folic acid has not been complctelj- purified, assay values are computed by 
the method of Mitchell and Snell (8) on the basis of material n-ith a “potency” of 
40,000 compared to solubilized liver, the standard, having a “potency” of I. 

t Biotin concentrate (S. M. A. No. 1000) was tised in place of kidnej’ residue in the 
last four groups. 
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the fractionation of the Superfiltrol eluate of solubilized liver into purer 
preparations. Several of the preparations gave inconclusive results (as 
indicated in the scheme) and for the sake of breinty the results from 
feeding these fractions are omitted from Table I. 

Evidence for Factor Essential for Feather Development and Distinct from 
Folic Acid~^Sihea grass juice powder ivas fed (Groups 9 to 1 1), it was found 
that neither growth nor feathering was improved as rapidly as would be 
expected from the folic acid content (compare irith Groups 1 to 8). For 
example, if the chicks receiving 0.5 per cent of .solubilized liver and 0.27 
per cent of grass juice powder (Groups 3 and 9) are compared, it may be 
seen that although the chicks in each gi-oup received the same amount of 
folic acid those getting the solubilized liver showed better feather develop- 
ment and grew 73 gm. more than the group of chicks recemng the grass 
juice powder. 

Likewise, whole liver substance (Group 12), when fed at 1 per cent, sup- 
plied 10 times as much folic acid as 0.2 per cent of solubilized liver (Group 
2) and yet feather development was poorer in the chicks receiving the 
whole liver substance. (It should be emphasized that whole liver .sub- 
stance when fed at higher levels, 5 per cent or above, is a complete supple- 
ment to the basal ration and supplies all of the unknomi factors in optimal 
amounts.) Preparations 1 and 2 (Groups 13 and 14) supplied an equal 
amount of folic acid and yet Preparation 2 gave superior feathering. When 
Preparation 30 was fed (Group 15), good feathers were formed, contrarj' to 
the results obtained with Preparation 33 (Group 16) which did not improve 
feathering over that with the basal ration (Group 1) to any degree in spite 
of its supplying 10 y more of folic acid per 100 gm. of ration than the former 
fraction. Chicks in the next graup (receiving Preparation 34) had ap- 
proximately the same amount of folic acid as chicks receiving Preparation 
33 (Group 16) but feathered very well and grew ma.ximall3^ The records 
of Groups 20 to 22 also show that there is no correlation between folic acid 
content of the diet and feather development. 

Thus, it is demonstrated that the solubilized liver and the Superfiltrol 
eluate of solubilized liver contain a factor necessaiy for proper feathering 
distinct from folic acid. 

Evidence for Second Factor Necessary for Groxeth and Distinct from the 
Feather F actor and Folic Acid — ^The growth rate of some of the chicks did 
not correlate with either the folic acid content of the ration or feather 
development. This is evident when Groups 6, 9, and 19 are compared 
with each other, since in each case the feather development was similar. 
Chicks in Group 6 received only 4.5 y of folic acid per 100 gm. of ration and 
weighed 184 gm. at 4 weeks, while chicks in Group 9 had 12.5 y of folic acid 
per 100 gm. of ration and weighed only 158 gm. Chicks receiving Prepara- 
tion 58 A (Group 19) had one-sLxth of the amount of folic acid in their 
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ration as chicks in Group 9, and yet they wciglicd 38 gm. more at the end 
of 4 weeks. 

Likemse, in Groups 20, 21, and 22, in which the fcatliering was the same, 
the growtli rate of the chicks and tlie folic acid content of the ration could 
not be correlated. The growth obtained i\dth a supplement supplying 5.3 
7 of folic acid per 100 gm. (Group 22) was as good as the growth obtained 
ivith a supplement supplying 25 y of folic acid per 100 gm. (Group 21), 
whereas an intermediate level of folic acid, 13.8 y (Group 20), had no 
groivth-promoting effect. 

Other data (not presented in Table I) show that this growth factor is not 
adsorbed quite as readily bj"^ norit as the factor ncccssarj' for feathering or 
as readily as folic acid. When the norit filtrate of solubilized liver equiva- 
lent to 2.7 per cent was fed, growth of 239 gm. at 4 weeks was obtained 
while feathering was “60.” Only 5 7 of folic acid were supplied by this 
supplement. 

Stahls of Folic Acid in Our Studies — Folic acid is the name applied by 
Mitchell, Snell, and Williams (2) to a substance necessarj’’ for the growth 
of Streptococcus lactis R and Lactobacillus casci. 

The question whether or not folic acid itself, as defined by hlitchell el al, 
is necessary in the diet of the chick cannot be answered fully from our data. 
As can be seen in Table I, maximum groi\i.h was not obtained in cliicks 
unless levels were fed equal to, or above, 17.5 7 of folic acid (Group 17) per 
100 gm. of ration. This indicates that folic acid may be a third factor. 
However, tliis problem cannot be settled conclusively until pure folic acid 
is obtained or until preparations are made which are free of folic acid and 
yet supply maximum growth. 

It has been reported by Hutchings el al. (7) that an inactive ethyl ester 
of folic acid was made by treatment udth ethyl alcohol (acid) at room 
temperature. Since the preparation of our fractions involves the use of 
various concentrations of ethyl alcohol, the possibility arose that it was not 
correct to compare growth results of the chick udth the folic acid content of 
the supplement, as determined by the bacterial assay. To determine 
whether or not this ester formation took place, the amount of folic acid 
recovered in the purified fractions was compared to the folic acid content of 
the starting material. In all cases at least 70 per cent of the folic acid may 
be accounted for in this manner. The loss is probably due to acid de- 
struction (7). 

Further proof that ester formation was not concerned here was seen when 
a few representative alcohol fractions were hydrolyzed ndth 1 per cent 
ammonia on a steam bath for 1 hour. It urns found that the folic acid 
content did not increase upon hydrolysis. We have assumed, therefore, 
that all the folic acid that is available to the chick in the alcohol fractions 
is measured by the bacterial assay. 
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Othsr Results — Chicks receiving the basal ration occasionally develop a 
typical paraly^s in 3 to 5 weeks. An affected chick becomes very weak, 
as evidenced by its trembling body and TOngs. In severe cases the chick 
irill lie helpless on its side unless aided to its feet, in which case it is able to 
stand and move about unaided for a short while. Heath eventually ensues. 
This paralysis is similar to the second and third stages of a paralysis de- 
scribed bj’’ Jukes and Babcock (9) in 1938. 

All the chicks on the basal ration become anemic (3), especially those 
with the paralysis. As yet we have not been able to determine which of the 
unknonm factors, or combination of unknown factors, will prevent either 
the anemic condition or the paralysis. 

\^Tien the Superfiltrol eluate is fed in addition to the basal ration con- 
taining a biotin concentrate (suppljdng 15 y of biotin per 100 gm.) in place 
of kidney residue (Group 23), the weight obtained is not quite maximum 
although growth appears to be “normal” in all respects. The reason for 
this difference in growth is obscure but suggests that the biotin concentrate 
is lacking in another unidentified factor contained in the kidney residue, 
or it may be that the eluate when fed equivalent to 5 per cent supplies a 
suboptimal amount of the unknown factors when the kidney residue is 
removed from the ration, 

Perosis, or slipped tendon, appeam occasionally in chicks receiving 
various fractions of the Superfiltrol duate in spite of ample choline, biotin, 
and manganese in the ration. This confirms the results of Richardson, 
Hogan, and Miller (10), who reported the presence of a fourth dietary factor 
concerned in the prevention of perosis found in an eluate of a fullers’ earth 
adsorbate of a water extract of beef liver. On our ration 2 per cent of 
solubilized liver gave complete protection against perosis. 

Dislribulion of Unknoun Factor ^ — ^The distribution of the unknoum fac- 
tors, taken as a whole, has been determined by feeding chicks various 
products with the basal ration and comparing the growth results with those 
obtained with solubilized liver. Of the substances tested, liver and brew- 
ers’ j’east are the best sources, adequate at 5 per cent of the diet. Linseed 
oil meal, soy bean oil meal, alfalfa leaf meal, and grass are comparatively 
good sources. MTieat middlings and wheat bran are fair sources, while 
yellow com, skim milk powder, fish-meal, tankage, and oats are relatively 
poor sources. 

DISCUSSION 

The properties of the factors discussed in this paper are similar to the 
properties of unknowm chick factors of other laboratories. Stokstad and 
Manning (11), in 1938, using a semipurified diet, described an unknowm 
grow th factor in yeast, factor U, which was adsorbed by fullers’ earth at an 

’ litc wish to thank Mr. R. C. Mills for his assistance in this phase of the work. 



170 


NEW VITAMINS IN CHICK NUTRITION 


acid pH and was insoluble in various fat solvents. The c.\istence of a factor 
necessaiy for proper hemoglobin formation (vitamin Be) has been reported 
by Hogan and Parrott (12), although a recent paper from the Missouri 
laboratoiy (13), by Richardson, Hogan, and Karrasch, does not report the 
presence of anemia in chicks receiving a basal ration containing all the 
known factors recognized at the present time and low in the unrecognized 
vitamins. A liver concentrate was used ns a source of the unknown vita- 
mins. Schumacher, Ilcuser, and Norris, in 19-10 (14), presented evidence 
to show that chicks require two unknown alcohol-insoluble factors, R and 
S, present in yeast and neccssarj' for growth. Record and Bethke (15), 
however, have shown that choline increases the rate of gro'Wth of chicks 
receiving rations deficient in factors R and S. 

Recent work has shown the c.xistence of a factor, or factors, nccessarj' for 
proper feather development which may be related to our feather factor. 
For example. Record and Bethke (15) reported that the poor feathering 
obtained on a basal ration similar to that used by the Cornell workers was 
made normal by the addition of choline and factor R. This suggests a 
relationship between factor R and our feather factor, although Schumacher 
el cil. (14) report that no macroscopic symptoms other than poor gro^^'th 
were produced on their rations deficient in factors R and S. McGinnis, 
Norris, and Heuser (16) have showm that Rhode Island Red chicks on a 
semipurified diet (similar to that used by Record and Bethke) supple- 
mented with many of the known vitamins require a factor present in yeast 
for proper feather development and pigmentation. That pork liver con- 
tains a factor, or factors, necessaiy for complete feathering has also been 
reported bj' Sullivan, Reeves, Bloom, and Rateike (17) using a ration 
consisting largely of grain products which, when fed alone, caused poor 
feathering. Fuller and Wilcke have recently studied the effect of cereal 
grains on feather growth and have reviewed this subject (18). 

The factor necessaiy for feathering in our ration found in the liver 
concentrates should not be confused with other factors shown to be ncces- 
saiy for proper feather formation, namely arginine and glycine (19), 
supplied in oiir basal ration by the gelatin. That the two deficiencies arc 
distinct has been previously shown (3). 

The question may be raised whether or not one of the unknown factors 
is p-aminobenzoic acid. From data which we ha\’’e presented elsewhere 
(20) we have concluded that p-aminobenzoic acid is not in itself needed by 
the chick in spite of the fact that large amounts (5 to 15 mg. per 100 gm. of 
ration) did give a noticeable growth and feathering response when fed in 
addition to the basal ration. When p-aminobenzoic acid was fed at a 
level corresponding to that in 2 per cent of solubilized liver, no response in 
growth was noticed. Therefore, if p-aminobenzoic acid is needed, it would 
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be necessary only at very low levels when fed in combination with other 
factors. 

Because the factors mentioned in this paper have all the properties com- 
mon to vitamins oi the vitamin B complex, we have assigned, until chemical 
identification can be established, the name of -vitamin Bio to the factor 
necessarj' for feather development and mtamin Bn to the factor necessary 
for gro-a-th. These numbers, Bio and Bu, have been selected because there 
are, at the present time, nine -vitamins of the B complex concerned in chick 
nutrition, seven of which have been well established as necessary; namely, 
thiamine, riboflamn, pantothenic acid, choline, nicotinic acid, pyridoxine, 
and biotin. The two other members, inositol and folic acid, appear to be 
necessary for the chick. The relationship of these factore, rdtamin Bio 
and Bn, to the chick factors of other workers mentioned previously is 
difficult to determine although in general the chemical properties are simi- 
lar. Fiuther e.\perimental work must be done to answer this question fully 
and to determine whether or not these factors are needed by other animals. 
Work on the chemistiy of these factors and their further separation, now in 
progress, will appear later. 


SUMMARY 

In work with chicks, with a purified ration, it is possible to demonstrate 
the existence of two necessary dietary factors in liver and other materials 
distinct from folic acid. Both of these factors are soluble in water, ad- 
sorbed on norit and Superfiltrol at pH 3, eluted u-ith a mixture of water, 
alcohol, and ammonia, and separated partially by fractional precipitations 
with ethyl alcohol. The factors are distinguished as follows: 

1. One factor is essential for proper feather development in the chick. 

2. A second factor is necessary for growth but is not active in producing 
normal feathers. 

These factors have been named \dtamin Bio (the feather factor) and 
vitamin Bu (the growth factor) until chemical identification is established. 
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Since the pioneering investigations of Vierordt and of Hufner and his 
group, numerous reports on the absorption spectra of hemoglobin and its 
derivatives have appeared in the literature. A detailed summary of these 
reports is to be found in Heihneyer’s monograph (1). For the most part 
these investigations have been confined to the visible portion of the spec- 
trum, although in a few cases the observations were extended into the ul- 
traviolet. The near infra-red, however, has been singularly neglected, 
despite the fact that as early as 1914 Hartridge and Hill (2) published some 
qualitative results indicating the presence of an interesting oxyhemoglobin 
band in this region. 

In this laboratory, it became necessary to develop a rapid and accurate 
spectroscopic method for the estimation of carbon monoxide in blood which 
could be adapted to a simple portable instrument. The visible portion of 
the spectrum proved unsuitable for this purpose, since the character of the 
oxyhemoglobin and carbonylhemoglobin bands in this region require the 
use of narrower spectral regions than can conveniently be isolated in such 
an instrument. The infra-red spectra were investigated in the hope that 
more suitable absorption bands might be found. 

"^e spectrophotometric data for the various hemoglobin derivatives 
which may be found in the literature are characterized by discrepancies 
with r^pect to the absolute values of the absorption coefficients, depending 
upon the hemoglobin preparations examined, the analytical method used, 
and the dispersing power of the spectrophotometers employed by the vari- 
ous investigators. Since the precision of any spectrophotometric method 
of analysis depends upon the accuracy with which the corresponding ab- 
sorption coefficients are known, a redetermination of these coefficients was 
undertaken. The objectives of this investigation were to determine as 
accurately as possible the absorption coefficients of various hemoglobin 
derivatives in whole hemolyzed human blood and to compare these with 
constants obtained with pure hemoglobin, in order that the contribution 
of hemoglobin to the absorption of whole blood might be evaluated. A 
similar study was made of the spectra of these substances in the near infra- 

m 
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)-ed region from 7000 fo 10,000 A. I'lic new absorption bands found in 
this region promise to be extremely useful for analytical work. 

According to the Lambcrt-Bcer Law, the specific absorption coefficients 
of an al)sorbing material may be defined bj' the equation, 



wlicrc /o = intensity of incident liRht 

/ = " “ frnnsniittcd liglit 

I = IciiRtli of lifilit pntli tiirough solution 
c = concent rntion of absorbing innlcrinl 
a = specific absorption coefficient 

This relationship is yalid only when monochromatic light is used and pro- 
vided that the material investigated contains no absorbing impurities. 
With instruments available at the jjrcscnt time, sufficiently narrow wave- 
length intervals can be isolated to permit the detennination of accurate 
absorption coefficients. Much greater difficulty has been encountered in 
preparing pure hemoglobin and in establishing adequate criteria for its 
purity. The earliei' workers (3-7) emploj’ed ciystalline hemoglobin pre- 
pared by alcohol precipitation or other means, and estimated the concen- 
tration from the dry weight of the crystals. It is now generally recognized, 
however, that crystallinity' in the case of proteins is no assurance of liomoge- 
neity (8); other criteria for purity must be applied. 

With the development of precise gnsometric methods bj' Van Slyke and 
his coworkers, it became possible to determine accurately the concentration 
of hemoglobin in solution and in whole blood. Using this method of analy- 
sis, Newcomer (9) and, more recently, Kennedy (10) determined the ab- 
sorption of oxyhemoglobin and carbonylhemoglobin in hemolyzed human 
and dog blood. In each case, however, only the concentration of active 
hemoglobin (HbOj) was measured; the contribution of other blood com- 
ponents, including other hemoglobin derivatives, to the total light absorp- 
tion was not evaluated. The same is true, to a lesser e.xtent, of the work 
of Diabkin and Austin (11), although these w'orkers demonstrated that 
absorption constants obtained from rvashed, hemolyzed erythrocytes are 
highly reproducible. The effective slit width obtained ■with the instru- 
ments used by Kennedy and by Drabkin and Austin was about 30 A. in 
the green and 50 A. in the yellow. Measurable differences between the ab- 
soiption cun'es of these authors and the present witer may be attributable 
to the fact that in the present paper narrower slits are used, 7 to 12.5 
A., in the A'isible spectrum. The narrower slit yields the more precisely 
denned absorption constants. 

The first important measurements in the infra-red W'ere made by hlerkel- 
bach (12) m 1935. He found oxyhemoglobin to have a broad absorption 
an with a maximum at about 9100 A., w'liile carbonylhemoglobin had 
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practical^' no absorption in the infra-red. A small portion of the infra- 
red spectrum has also been described by Sidwell, Munch, Barron, and 
Hogness (13). Although they report a band for reduced hemoglobin at 
7550 A., their obsen'ations did not e.\tend be 3 'ond 7700 A.; thus they 
failed to observe the oxj’hemoglobin band. Carbonylhemoglobin was 
not e.xammed. 

EXPERIMENTAL 

Preparation of Purified Hemoglobin — Purified hemoglobin was prepared 
from calf blood by the method of Altschul, Sidwell, and Hogness (14), 
involving treatment uith aluminum hydro.xide gel. This method was 
selected because hemoglobin solutions so prepared showed, at low Os ten- 
sions, a higher affinity for o.xi’gen than did any other preparations, includ- 
ing hemoglobin crj’stallized bj' the method of Heidelberger. The percent- 
age saturation of hemoglobin irith o.xj’gen at low Os tension was used by 
these investigators as a Criterion of purity, in accordance with their finding 
that impurities lowered the percentage saturation. 

From 500 cc. of whole calf blood about 300 cc. of a clear red solution are 
obtained, having about one-half the hemoglobin content of the original 
blood. 

Determination of Purity — The concentration of active hemoglobin was 
determined on 2.0 cc. samples by the carbon monoxide capacitj' method of 
Van Slyhe and Hiller (15). Some preparations were also analj-zed for 
methcmoglobin by determination of the carbon monoxide capacitj' after 
reduction with sodium hydrosulfite. Since the values for total hemoglobin 
obtained in this way alwaj's agreed closely uith values calculated from the 
drj' weight of the preparations, this determination was found to be un- 
necessarj'. Dry- weight determinations were made by evaporating ali- 
quots of the solution to constant weight at 100-105°. From the diy weight 
the total hemoglobin concentration was calculated, with 66,800 as the 
molecular weight. This value, calculated bj' Svedberg and Fahraeus (16) 
from sedimentation measurements, agrees well with 67,000 calculated bj*^ 
Adair (17) from osmotic pressure data and 66,000 calculated bj’' Morrison 
and HLscy (18) from the iron content and gas capacitj'. The following is 
a typical analj'sis of a hemoglobin solution purified by the above method. 
Tile assumption is made that hemoglobin has four iron-containing groups 
and tliat the equivalent weight is one-fourth the molecular weight. 

Do' weight = 83.9 mg. per cc. = 5.02 X 10-» 

CC. 

HbOj conccntratioiQ from CO capacity « 4.99 X 10^ 

cc. 

Total Hb concentration from CO capacity « 5.03 X 10"< 

cc. 
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The sample thus contains onljf O.G per cent of mcthcmoglobin and no other 
impurities. 

The term equivalent is here u-sed to indicate the amount of hemoglobin 
which contains 1 gra. atom of Fc and combines with 1 gm. molecule of 0. 
or CO. 1 equivalent of hemoglobin is a.ssumcd to be 66,800/4, or 16,700 
gm. A conoentration of 1 X 10~® equivalent i.s 16.7 mg. of hemoglobin 
per cc. 

Stahilily of Pure Hemoglobin Preparations — The hemoglobin solutions 
obtained could be stored in the refrigerator for over a month with no ap- 
parent decrease in their carbon mono.vidc-combining power. The absorp- 
tion spectrum in the visible region of the .spectrum also remained un- 
changed. After a week or two, however, the preparations began to show 
evidence of an absorption band at 8200 A. which was absent in the fresh 
preparations, and which increased in intensity with the age of the prepara- 
tion. The position of tliis band would indicate that the preparations were 
becoming contaminated with melhcmoglobin, despite the fact that the 
Van Slyke anal 3 'sis showed no decrease in the active hemoglobin content. 
In practice, preparations were discarded at the first appearance of this 
band. 

Preparation of Solutions — The absorption spectra of o.vyhemoglobin 
(HbOs) and carbonylhemoglobin (HbCO) were determined with pure calf 
hemoglobin. For the visible spectrum the stock solution was diluted 1:50. 
For the infra-red spectrum the stock solution was diluted 1:2. All meas- 
urements were made in a cell of length 0.500 cm. The dilutions were 
made in borate buffer of pH 9.2 to a final buffer concentration of 0.1 m- 
Carbonylhemoglobin was prepared bj’’ equilibrating the diluted solutions 
in a rotating tonometer tlmough which pure carbon mono.xide was passed 
for 20 to 30 minutes. The absorption cell was then filled with carbon 
monoxide gas and the solutions transferred directl 3 '’ from the tonometer to 
the cell without exposure to air. 

From hemolyzed human blood, solutions were prepared for the determi- 
nation of the spectra of reduced hemoglobin (Hb), alkaline and acid methe- 
moglobin (MHb), and metcyanhemoglobin (MHbCN), as well as HbO^ and 
HbCO. The hemoglobin concentration was determined on the whole un- 
hemolyzed blood samples by the O. capacity method of Sendroy ((15) P- 
g8). For the determination of the infra-red spectra of HbOj, HbCO, and 
, t e blood was diluted 1 ; 5 with saponin and borate buffer, pH 9.2, to 
a final saponin concentration of 0.3 per cent and a final buffer concentration 
of 0.02 M. A portion of this solution was saturated with CO as described 
above. A second portion was washed with pure Ns in a rotating tonometer 
until the violet color of reduced hemoglobin was produced. The solution 
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Fig. 1. Ababrption spectra of HbOj and HbCO in the visible region. Curves 1 
and n represent absorption constants obtained {torn pure calf hemoglobin for HbOj 
and HbCO, respectively. Oand« represent constants for HbO> and HbCO, respec- 
tively in hemolyzed human blood. 



Fio. 2. Absorption spectra of HbOi and HbCO in the infra-red region. Curves I 
and la represent HbO, in hemolyzed human blood and pure calf hemoglobin, xespec- 
uvcJy. Cun-es 11 and Ila represent HbCO in hemolyzed human blood and pure calf 
hemoglobin, respectively. 
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WAVE LtNCTM \ [i] 


Fig, 3. Absorption spectra of Hb, MUb, and Min)CN in Iicmolyzed human blood 
in the visible region. Curve I represents .MllbCX; Curve II, MHb nt pll 9.1S to 
9.20; Curve III, MHb nt pH 0.29 to 0.51 ; Curve IV, Hb. 



W»vt tCNOTM V [i] 


Fig. 4 Absorption spectra of Hb, MHb, and MHbCN in hemolyzcd iiumnn blood 

Cnrvp if/ ^ represents Hb; Curve II, MHb nt pH 8.88 to 8.92; 
Curve III, MHb at pH 0.30 to 0.72; Curve IV, MHbCN; Curve V, HbO,. 
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was then transferred directly from the tonometer into an absorption cell 
filled with pure Na and containing a trace of dry NajSjOi to insure complete 
reduction. For the visible spectra the blood diluted 1:5 was further di- 
luted with 24 volumes of 0.01 M borate buffer to a final dilution of 1:125. 
From this solution, HbCO and Hb were prepared as above. 

For the preparation of acid and alkaline methemoglobin, blood was 
' hemolj’zed with saponin and treated with a 6-fold excess of IC 3 Fe(CN) 6 . 
The mixture was then buffered with either phosphate or borate buffer and 
diluted with water to 5 times the volume of the original blood sample. 
The saponin concentration was then 0.3 per cent and the buffer concentra- 
tion was 0.05 M. For the visible spectra 1 cc. of each of these solutions 
was further diluted to 25 cc. with 0.02 m buffer. The pH of each solution 
was measured with the glass electrode and is indicated in Table I. From 
the borate-buffered solutions MHbCN was prepared by the addition of a 
small amount of solid KCN. 

Visible and Infra-Red Absorption, Spectra — The absorption measurements 
were made on an automatic recording spectrophotometer constructed in 
this laboratory by F. S. Brackett and J. B. H. Kuper. This instrument is 
essentially similar in construction to the one described by them in 1940 
(19), but extending into the infra-red to 10,000 A. The effective slit 
widths at various wave-lengths are as follows: 


\V»v«-lcn 5 th. 4 j 

4000 

5000 

fiOOO j 

7000 

sooo 

9000 

10,000 

Slit width, 

7 1 

7 ! 

7 

12.5 

25 

70 

140 


The values of incident and transmitted light intensity were read from 
cur\'es obtained on photographic paper. The concentration of hemoglobin 
w-as determined as described above and the values of the specific absorption 
coefficients calculated from the relation 


a «= 



cl 


C is given in equivalents per cc. and 1 in cm. The units of a are then sq. 
cm. per equivalent. 

The absorption spectra are plotted in Figs. 1 to 4. 

In each instance, the constants are the average values obtained from at 
least tw-o hemoglobin preparations or blood samples. In Table I are 
summarized the values of the absorption constants at the mHvimg and 
minima, showing the spread of the determinations. 



Table I 


Absorption Constants for Hemoglobin Derivatives 






Specific absorption conslsnls, 

Source 

Substance 

No. of 
samples 

Wave- 

length 






Average 

High 

Low 




A. 




Pure calf hemoglobin 

HbOj 



5100 

5.19 

5.28 

5.11 





5400 

15.0 

15.1 

14.8 






8.88 

9.06 

8.76 





15705 

nXjlH 

16.0 

15.8 







0.069 

0.061 





0.274 

0.279 

0.26S 

tr (i (f 

HbCO 




5.50 

5.54 

5.46 





5375 

15.0 

15.2 

14.9 





5550 

11.9 

12.0 

11.8 






15.0 

15.2 

14.9 



3 

9200 

0.001 

0.005 

0.004 

Hemolyzed human blood 

HbOi 



[5100 

5.07 

5.12 

5.00 





5400 

15.0 

15.2 

14.8 



4 


5G00 

8.87 

9.03 

8.72 





57 C5 

16.0 

16.3 

15.8 





7000 

0.093 

0.097 

0.0S9 



4 


9200 

0.296 

0.299 

0.292 

ti it 

HbCO 



5000 

5.44 

5.34 

5.56 





5375 

14.8 

15.0 

14.6 





5550 

11.7 

11.9 

11.5 





56S0 

14.8 

15.1 

14.6 



4 

9200 

0.010 

0.011 

0.010 


Hb 



f4S00 

3.50 

3.52 

3.49 




15550 

13.6 

13.8 

13.5 





7310 

0.310 

0.336 

0.302 





7C00 

0.395 

0.417 

0.376 





8400 

0.179 

0.190 

0.109 





9000 

0.198 

0.206 

0.190 


MHbCN 



'5040 

7.03 

7.11 

6.95 



3 

15400 

11.0 

11.4 

10.8 



3 

8000 

0.033 

0.036 

0.039 

** II ii 

MHb 



'5100 

7.18 

7.32 

7.06 



3* 


5400 

9.68 

9.78 

9.50 




5600 

7.68 

7.76 

7.56 





15770 

6S50 

8.51 

8.61 

8.37 





0.297 

0.306 

0.288 



2t 


7200 

0.336 

0.341 

0.331 




8175 

0.525 

0.526 

0.524 


MHb 



9400 

0.259 

0.263 

0.255 




4700 

7.72 

7.93 

7.45 





5000 

9.47 

9.65 

9.23 




6000 

3.01 

3.09 

2.88 





6200 

3.68 

3.75 

3.58 




• 

7000 

0.151 

0.158 

0.139 



og 

9800 

0.794 

0.804 

0.788 
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Tabbe I — CoJtehided 

• pH = 9A8, 9.20, 9.12. 
t pH = 8.88, 8.92. 
t pH = 6.29, 6.32, 6.51. 

I pH = 6.72, 6.30, 6.44. 


DIBCUBSION 

It is shown in Fig. 1 that there is no perceptible difference in the visible 
region between the absorption spectra obtained from hemolyzed human 
blood and pure calf hemoglobin. It may therefore be concluded that 
other blood constituents make a negligible contribution to the light ab- 
sorption of hemotyzed blood in this repon. The results also bear out the 
previous findings of Drabkin and Austin (11) and others with regard to the 
spectroscopic identity of the hemoglobins of various mammalian species. 

In the iMra-red repon, where the absorption of hemoglobin is much less 
intense, whole blood absorbs appreciably more than does pure hemoglobin 
(see Fig. 2). This difference may be attributed to the absorption of light 
by other blood constituents and to scattering of light by suspended material 
such as lipids and cell fragments. At the high dilutions used for the visible 
measurements the contribution of these materials is negligible. It is note- 
worthy that no special precautions were taken in the collection of the blood 
samples. The individuals were not required to fast before the venipunc- 
tures were made, the only limitation being that no samples were taken for 
several hours after lunch. 

The broad absorption band of oxj'hemoglobin in the infra-red, together 
with the almost complete lack of absorption by carbonylhemoglobin, makes 
this region ideally suited for the determination of the CO content of blood. 
In any spectral interval beyond about 7500 A., the presence of HbCO will 
produce a marked decrease in the total absorption. The total hemoglobin 
concentration may be determined, independent of the presence or absence 
of CO, in the neighborhood of the isobestic point at 4965 A. The concen- 
tration of HbOi may be calculated from the infra-red absorption and the 
concentration of CO computed by subtracting HbOz from total hemoglobin. 

In order to eliminate the effect of reduced hemoglobin, which will usually 
be present in the samples diluted 1 : 5 if blood is collected by venipuncture, 
the spectral region in the infra-red may be so selected that the oxyhemo- 
globin and reduced hemoglobin have the same absorption. An examina- 
tion of Fig. 4 will show that the isobestic point for these substances lies at 
about 8000 A. 

The two measurements described above are sufficient if only two hemo- 
globin derivativ'cs, HbOi and HbCO, are present. For this purpose Hb 
Md HbO; may be considered identical, since thej’ will absorb alike in the 
mfra-rcd and Hb will be converted to HbOj at the high dilutions required 
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for the determination at 49G5 A. If, however, a third component, such as 
MHb, is present, a third measurement is ncccssar}' for the evaluation of 
the HbCO, HbOs, and MHb concentrations. The required data ma}' be 
obtained from the absorption at a third spectral interval, sucli ns that 
around 6400 A., or by repeating the absorption measurement at 8000 A. 
after the sample is saturated with CO. 

In this laboratory we have developed a portable photoelectric instrument 
for the determination of carbon mono.xide in blood which is based on the 
principles outlined above. With this device, the carbon monoxide content 
of human blood can be rapidl}' and convenient!)' determined with an error 
of less than 1 per cent HbCO. The details of constniction and operation 
of this instrument will be described in a subsequent publication. 

suMMAny 

The visible and infra-red absorption spectra of ox)'hcmoglobin, carbonyl- 
hemoglobin, reduced hemoglobin, methemoglobin, and metej'anhemo- 
globin have been determined. Several new bands in the infra-red are 
described. 

The absorption spectra of o.xyhemoglobin and carbonylhemoglobin in 
hemoly'zed human blood are identical with those obtained from pure calf 
hemoglobin in the visible region of the spectrum. In the infra-red the 
whole hemolyzed blood has a somewhat higher absorption. 

A method of evaluating the absolute purity of purified hemoglobin prep- 
arations is described. 

A simple spectrophotometric method for determining the CO and 
methemoglobin contents of blood is indicated. 


The author is indebted to Dr. F. S. Brackett for his constant interest and 
valuable suggestions, to Mr. T. W. Allen for technical assistance in the 
spectrophotometric measurements, to Mr. E. R. hlitchell for the Van Slyke 
determinations on human blood, and to his associates in the Division of 
Industrial Hygiene rvho were kind enough to furnish the blood samples. 
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A SIMPLE METHOD FOR THE APPROXIMATE ESTIMATION OF 
THE ISOELECTRIC POINT OF SOLUBLE PROTEINS 

Bt VITSRNER G. JAFFfi 

(from the Department of Chemistry, Biochemical Institnte, Caracas-Los Rosales, 

PenezucJa) 

(Received for publication, January 22, 1943) 

The precise determination of the isoelectric point of proteins is time- 
consuming and requires the use of special apparatus. The simple procedure 
here described may be carried out in a few minutes and requires no special 
equipment. 


Table I 

Estimations of Isoelectric Points of Soluble Proteins 


Protein 

itcordtd 
isoelectric point 

pB for inccpljoa of ppla. 


2.7-3 

1.7 


4.6 

4.4 


4.9 

4.2 

HexaoglobiB 

6,7 

6.7 

Papain 

9 (About) 

8.6 



In the course of a study of the antiseptic activity of cationic detergents 
(“invert soaps”) Kuhn and Bielig (1) observed that these salts precipitate 
proteins in their anionic form. This precipitation should, with ascending • 
levels of pH, set in at the isoelectric point. 

EXPEniMENTAL 

A series of buffers is prepared at intervals of 0.2 on the pH scale. To 2 
cc. of each buffer solution there are added 5 drops of a 0.1 per cent solution 
of a suitable cationic wetting agent, such as a mbrture of higher alkjddi- 
methylbenzj'lammonium chlorides,* and enough of an aqueous solution of 
the protein to be tested to give a final protein concentration of about 10 
mg. per cc. The pH of the most acid mixture to yield a precipitate is the 
indicated isoelectric point. Any change in pH produced by the addition of 
detergent and protein solutions may be neglected unless the protein had 
been dissolved in acid or alkali. In such a case the pH of the final mixture 
should be verified potentiometrically. 

• In Table I are summarized the results of tests thus performed. The 

> Marketed under the name Zephiral by the Alba Pharmaceutical Company, Inc. 
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buffers employed were phosphate-citrate mixtures prepared according to 
the directions of Mcllvaine (2). The pH \’ahio-s of tlie final mixtures were 
checked with the quinhj’di'onc electrode. 

SUMMARY 

The isoelectric points of soluble proteins can be roughly determined by 
noting the lowest pH level at which precipitates arc formed with cationic 
detergents. 


nrRUOGUAPHY 
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2. Mcllvaine, T. C., J. Biol. Chr.in., 49, 1S.3 (1.021). 



THE EQUILIBRnJM BETVTOEN CALCIUM AND CEPHALIN IN 
VARIOUS SYSTEMS 

Bv NAKCY DRINKER anp HANS H. ZINSSER 

(From the Department of Biochemistry, College of Physicians and Surgeons, Columbia 
University, New York) 

(Received for publication, October 15, 1942) 

The base-binding capacity of aqueous cephalin suspensions has been 
demonstrated for various inorganic cations (1-3) and for certain organic 
bases (4). Cephalin, in suspension, is capable of binding 0.6 mole of 
Na+ or K'*' per mole at neutrality, and in general does not behave as an 
amphoteric compound (2). On the other hand, a marked contrast in its 
behavior nith Ca++ and with univalent cations respectivelj’’ can be inferred 
from films (5) and suspensions (3, 6). 

It was felt that, as normal human serum contains 30 to 70 mg, per cent 
of free cephalin (7), the calcium-binding power of cephalin should be in- 
vestigated. Serum proteins, which have been shown to bind calcium (8), 
are accompanied to varying extents by electrophoretically inseparable phos- 
pholipids (9), and the fractions hipest in lipid (10) have the highest cal- 
cium-binding ability (11). Horse serum albumin, which apparently loses 
its associated lipid during recrystallization (12), has only a slight calcium- 
binding capacity (8). It appeared possible that the association of phos- 
pholipid with protein might influence its dissociation. In the study here 
reported the reactions of calcium with cephalin alone and with cephalin 
in the presence of protein have been explored. 

EXPERIMENTAb 

Preparation of Cephalin — 5 pounds of beef brains were successively 
treated twice with acetone and twice with petroleum ether in 3 liter lots. 
The petroleum ether solution was concentrated under nitrogen in vacuo, 
allowed to stand in the ice box overnight, and then centrifuged in the cold 
to remove the cerebrosides. This process was repeated until no more 
cerebrosides could be separated. The mixed phosphatides in the resulting 
solution were precipitated with acetone, shaken with saline to remove 
water-soluble impurities, and redissolved m petroleum ether. Cephalin 
was obtained by repeated precipitation from petroleum ether solution with 
cold 95 per cent ethanol. It was then dried in vacuo and stored under 
nitrogen in the ice box. Analysis, P 3.43, N 1.55, N:P 1.00, amino N 
1.49, amino acid K (13) 0.00, Ca (14) 0.5. 

Emulsification Cephalin prepared as described was weighed out in a 
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dry 15 cc. centrifuge tube, and to this was added n measured amount of 
isotonic Ringer’s solution, as modified by Mcl>can and Hastings (15), con- 
taining a known concentration of calcium chloride. Tliis was subjected to 
prolonged stirring at 1500 to 2000 ii.r.M. with a tapered glass rod. Before 
use in the frog heart, the emulsions were saturated with a 5 per cent COj- 
95 per cent O 2 mixture, which brought the pll to 7.4. Age had no notice- 
able effect on the calcium-combining capacity of these emulsions. 

The fine, quite stable emulsions j'ieldcd precipitates on centrifugation 
only when the cephalin concentration exceeded 1.5 per cent; this was taken 
as the upper limit for valid results in these investigations. An emulsion 
containing 2.04 per cent cephalin in a 2.0 niM solution of calcium chloride 
was allowed to stand in the ice box overnight and then centrifuged. As 
the calcium content of the resulting precipitate w’as no greater than that 
of the originall}' purified cephalin, the precipitation was ascribed to the 
excessive cephalin concentration and not to the formation of an insoluble 
calcium cephalinatc. 

Ulirafillraiion — Ultrafiltration was carried out according to the method 
of Benjamin and Hess (IG), except that viscose membranes were used in 
place of .collodion. Cephalin emulsions in modified Ringer’s solution of 
knowTi calcium concentration were subjected to ultrafiltration at 180 mm. 
of Hg pressure for 4 to 5 hours. The filtrate was then anal^’zed for calcium 
by the method of Clark and Collip (14). No phosphorus was obtained in 
the filtrates. 

Calcium Ion Concentrations — The calcium ion concentrations of the 
emulsions were determined by the frog heart method. An emulsion of 
cephalin in calcium-free Ringer’s solution contained no ionized calcium. 

Prolan The material used was a mixture of human serum proteins, 
consisting mainly of «- and ^-globulins, as determined by electrophoresis. 
It was dialyzed against calcium-free Ringer’s solution and then filtered to 
remove fibrin. The resulting solution contained 1.96 mg. of calcium and 
^ phospholipid per gm. of protein. ICnown amounts of calcium 

^loride were added to obtain appropriate total calcium concentrations. 

alcium ion determinations were made by the frog heart method, and total 
protein w'as determined by the Kjeldahl method w'ith the conversion factor 
. 5. Knowm amounts of cephalin w'cre added to solutions of protein of 
known concentration and emulsified as described above. 

Results and Comments 

Action of. Phosphatides on Frog Heart — The calcium ion concentration in 
these experiments has been determined throughout by the frog heart 
method. It has, however, been suggested that phosphatides may cause 
oxic or pressor effects on the isolated heart (17-19) and thus invalidate 
measurements of calcium ion concentration. Clark (18), Kimmelstiel (19), 
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aad Eggleton (20) observed independently that lecithin in very dilute emul- 
sion had no action on the fresh frog heart, but that it has a marked restora- 
tive action, characterized by increased amplitude and rate of beat, on the 
heart rendered hypodynamic by prolonged continuous perfusion. The 
present authors observed the same gradual increase in amplitude of beat 
mih lecithin and were for that reason unable to estimate calcium ion con- 
centration in lecithin emulsions with the accuracy necessary for deductions 
as to the binding of calcium by lecithin. 

A similar restorative action of cephalin on the hypodynamic heart, re- 
ported by Storm van Leeuwen and von Szent Gyorgyi (21), has not been 
confirmed. Scheiner (22), Eggleton, and IQmmelstiel demonstrated that 
the introduction of a 1 per cent cephalin emulsion in Ringer’s solution pro- 
duced an immediate drop in the amplitude of the beat, followed by a cessa- 
tion of the beat in diastole. Prompt recovery occurred when Ringer’s 
solution rich in calcium was added. Conversely, the arrest caused by 


Table I 

Vllrafiltration of Cephalin 

Temperature 25°, pH 7.40, ultrafiltration at ISO mm. of Hg for 4 to 6 hours. 


Tout ceph^ltn 

Total cephalta 

Total calcium 

FUttaWft calcium 

JO^X^CaCepI. 

(Kquatioa 2) 

mg. Per ec. 

mu per t. 

mu per /, 

mu perl. j 


3.44 

3.79 

1.85 

0.92 ' 

2.83 

8.81 

6.39 

3.75 

1.03 

1.39 

6.89 

7.57 

2.30 

0.37 

1.08 

11.63 

12.75 

4.5X 

0.47 

1.01 


calcium excess could be remedied by the addition of cephalin. In the light 
of the present findings, it seems likely that the addition of cephalin to 
standard Ringer’s solution bound all the available calcium and that the 
arrest in diastole, characteristic of calcium lack, was counteracted by the 
addition of calcium over and above that bound by the cephalin. 

In the experiments here reported, the cephalin was found neither to exert 
an independent toxic effect nor to interfere with the rate or amplitude of 
the beat. Hearts in the presence of calcium-free Ringer’s solution alone 
showed the same dumnution in rate and amplitude of beat as those per- 
fused with a calcium-free emulsion of cephalin in Ringer’s solution. 

Ultrafiltration of emulsions of cephalin in Ringer’s solution of varying 
calcium concentration was also carried out. The absence of pbospborus in 
the filtrate showed that cephalin and calcium cephalinate were not diffusible, 
and justifies the assumption that the ultrafiltrable calcium is a measure of 
the calcium not bound to cephalin. These determinations (Table I) agree 
vith the results secured by the frog heart method. From this agreement 
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it was concluded that no toxic cfTcct independent of calcium ion reduction 
was present, and that the presence of cephniin in sucli a system in no way 
affected the accuracy of detennination of calcium ion concentrations by 
the frog heart method. 

Calcmm-Covihining Power of Cephalin Emulsions in Jiinger's Solution 

•Calcium ion concentration was determined b}' the frog heart method in 
emulsions of various concentrations of calcium and cephalin. The results, 
given in Table II, have been correlated with various mathematical expres- 
sions. Mass law equations in the following forms have been tested. 

fi') (Ca^l[Ccph-|« 

' [CaCeph,] “ ■'^CnOph, 

where [total Ca] - [Ca++] = [CaCeph;], and [total cephalin (gm.)]/910 
= [total Ceph], and [total Ceph] — 2[CaCcph;] = [Ccph“], and 

^o^ ICa^KCcph-J ‘ 

[CaCcplll “ ^CnOpl. 

where [total Ceph] - [CaCeph] = [Ceph”]. It will be noted that, con- 
sidering cephalin. as a univalent ion (Equation 1), values of K arc obtained 
which increase progressively. On the other hand the K for the divalent 
form is probably as constant as the experimental method warrants (mean, 
1.27 X 10“’; standard deviation ±0.09). The cephniin emulsions persist- 
ently showed a Tyndall effect even though clear to transmitted light, and 
the observed deviations might be indicative of a fallacy in the assumption 
that a substance present as an emulsion can behave stoichiometrically as 
a weakly dissociated electrolyte. An adsorption isotherm of the form, 

(3) A'Vm = jfcc 

where X = weight of adsorbed calcium, = weight of total cephalin, 
X/m = weight of calcium adsorbed per gm. of cephalin, c = Ca unbound, 
and k and n are constants, Avas found to fit the data far less well than the 
mass law expression for divalent cephalin (Equation 2). Further justifi- 
cation for the mass larv interpretation was obtained from the correlation of 
these data Avith the predictions of the modified mass laAv equation of Green- 
berg, Larson, and Tufts (23). 

Since Ringer s solution contains other cations than Ca**^, specifically 
Mg++ , all potentially capable of binding cephalin, a correc- 
tion for their contribution to the apparent diminution in [Ceph”] AA-as cal- 
cu ated from available data (1,2). It is likely that, as predicted deAuations 
are only one-tenth the observed magnitude, the other cations in Ringer’s 
so ution play a minor r6Ie in the deviations coincident AAith increasing 
cephalin concentrations. 
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Cephaltn As Uni-Bivalent Mixture— Hhvi finding of partial bivalent base- 
binding properties is in disagreement nith data for the reaction with uni- 
valent cations in T,'arious solvents (2, 3, 6), but in accord with the ori^al 
reaction postulated for calcium and cephalin (24). Variations in samples 


Tablc II 

Calcium-Combining Power of Cephalin 


Temperature 25°, pH 7.40. 


Total 

cephalin 

Total 

cephalin 

'otal calcitim 

Ca ”- 

observed 

Ca bound 

10* X 
^CaCephi 
(Equation 1) 

O^XiTcaCeph 

(Equation 2) 

mg. per ce. 

0.40 

mu ptrl. 

0.44 

mjyr per i . 

1.30 

mu perl. 

1.00 

ptr cent 

23 


0.47 

1.43 

1.57 

1.59 

1.00 

37 

0.33 

1.66 

1.43 

1.57 

1.59 

1.10 

34 

0.22 

2.43 

2.38 

2.62 

1.71 

0.80 

65 

0.56 

1.50 

2.80 

3.08 

2.36 

1.20 

49 

0.60 

1.99 

2.80 

3.03 

2.36 

1.20 

49 

0.60 

1.99 

2.80 

3.08 

2.36 

1.00 

58 

0.10 

1.27 

3. 53 

3.93 

1.87 

0.60 

68 

0.91 

1.26 

4.20 

4.61 

2.55 

0.80 

69 

0.56 

1.31 

4.20 

4.61 

2.55 

0.70 

73 

0.31 

1.05 

4.20 

4.61 

2.55 

0.90 

65 

0.94 

1.61 

4.78 

5.25 

2.02 

0.60 

70 

•2.45 

1.62 

4.78 

5.25 

2.02 

0.60 

70 

2.45 

1.62 

4.78 

5.25 

2.02 

0.50 

75 

1.61 

1.23 

5.60 

6.15 

2,72 

0.60 

78 

1.03 

1.14 

5.60 

6.15 

2.72 

0.60 

78 

1.03 

1.14 

5.60 

6.15 

2.72 

0.50 

82 

0.66 

0.89 

7.18 

7.90 

2.33 

0.30 

82 

2.16 

0.87 

7.18 

7.90 

2.33 

0.30 

82 

2.16 

0.87 

7.18 

7.90 

2.33 

0.30 

82 

2.16 

0.87 

8.40 

9.22 

3.09 

0.50 

84 

3.15 

1.28 

8.40 

9.22 

3.09 

0.50 

84 

3.15 

1.28 

8.40 

9.22 

3.09 

0.50 

84 

3.15 

1.28 

14.35 

15.8 

3.27 

<0.20 

>94 

6.08 

0.83 

10.80 

18.4 

4.19 

<0.20 

>95 

5.42 

0.72 

16.80 

18.4 

4.19 

<0.20 

>95 

5.42 

0.72 


as to salt and nitrogenous contaminants (25) and possible hydrolysis pro- 
ducts (24, 26) make interpretation of the present data difficult, but the most 
reasonable evaluation of the data and the obscned deviation arises from 
the data of Folch (27), which would suggest that samples of cephalin, de- 
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pending upon the method of preparation, contain varying proportions of 
the types in wliicii serine and aminoetiianol are respectively combined. 
Univalent and bivalent properties may thus coexist in any one sample. To 
determine the apparent eombining proportions of calcium and cephalin, 
an equation of the form, 

(n)(6 — cx)» ^ 

(j.) “ ^CnCcpli. 

where a = (Ca++], h = [total cephalin], c = [CaCephi], and x = the ratio 
of Ceph to Ca in CaCephi, was solved for discrete values of a, h, and c 
over the range studied. /^cnCcphx can be shown to be constant at 1.4 
X 10~’ where re = 1.2. From the analytical results on this preparation for 



Fig. 1. Titration of cephalin with calcium chloride 

amino N and amino acid N, I'ough apparent constants can be derived for 
serine and aminoethanol cephalin of the order Ki = 4 X 10“= and Ki = 
1 X 10~® respectively. 

Cephalin, emulsified in distilled water, was titrated with neutral 0.085 
M calcium chloride. The pH, determined by means of the glass electrode, 
passed through a minimum when equimolar proportions of the reactants 
were present (Fig. 1). No attempt will here be made to interpret the find- 
ings of this experiment. 

Calcium-Combining Power of Protein 

The calcium-combining power of protein was determined in solutions of 
varjing protein and calcium content, and the results are given in Table 
III. A KcaProt ivas calculated by using the folloiving equations and esti- 
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mations of the factor from the data of Drinker, Green, and Hastings 

( 11 ). 


if, 


ITotal Ca) = ICa++l + ICaProt] 

(Proti = [total Prot] - [CaProt] 

Jvrr,i X protcinl 

ITotal Proti = — ^ 

[Ca^ltProt-l 


CaProt ICaProtl 


= 4.02 X 10-< 


* • • • Table III 

Cfllctom-Combtninff Pover of Protein 


Temperature 25°, pH 7.40, /prot 0.27. 


Total protein 

Total protein 

Total calcitsa 

Ca** observed 

io<xxciPtot 

l&Proll 

Calcicm bound 
to protein 

mg. ptT cc. 

ptr J. 


mu perl. 


per cent 

l.YJ 



1.30 

5.56 

13.9 

3.25 



1.25 

6.06 

19.9 

3.25 

0.46 

1.56 

1.30 

10.0 

16.7 

4.34 

0.61 

1.61 

1.10 

2.16 

31.7 

4.34 

0.61 

1.61 

1.20 

5.86 

23.5 

4.34 

0.61 

1.61 

1.20 

5.86 

25.5 

4.34 

0.61 

; 2.01 

i 1 

1.60 

2.94 

25.4 

4.34 

0.61 1 

2.01 

1.60 

3.90 

20.4 

4.34 

0.61 

1.61 

1.20 

5.86 

25.5 

4.34 

0.61 

1.61 

1.20 

5.86 

25.5 

4.76 

0.67 

1.63 

1.10 

2.91 

32.5 

6.33 

0.89 

1.76 

1.00 

1.71 

43.2 

6.33 

0.89 

1.76 

1.10 

3.83 

37.5 

9.52 

1.33 

1.86 

0.90 

3.47 

51.6 

9.52 

1.33 

1.86 

0.95 

4.38 

49.0 


Calcium-Combining Power of Protein and Cephalin Mixtures 

The calcium..combining power of cephalin emulsions in solutions of 
protein is seen in Table IV. If the assumption is made that cephalin and 
protein act independently with respect to calcium, it would be expected 
that the total bound calcium would be the sum of that bound bj' either one 
alone, and the proportion of that unbound by the first would be bound by 
the other alone. This expected total bound calcium can be calculated 
from the data already presented. By comparison of the data it can be 
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seen, however, that experimentally the calcium bound by these ccphalin- 
protein mixtures is at all concentrations less than the expected value. This 
would seem to indicate that cephalin and protein can in some way inhibit 
one another’s calcium-binding capacit}'. It ma}' bo observed that the ex- 
perimentally determined amount of bound calcium is verj' close to that 
bound by cephalin alone even when the cephalin concentration is low and 


Taiua; IV 


Calcium-Combining Power of Protein and Cephalin Mixtures 
Temperature 25°, pH 7.40. 


Total 

ccphnlin 

Total 

protein 

Total 

calcium 

observed 

Total bound 
calcium 
calculated 

1 

' Total bound 

1 calcium found 

Total bound cal* 
cium calculated 
less total liound 
calcium found 

1 

Calcium bound 
by cephalin 
* alone 

tng.percc. 

jm. 
per /, 

msj 
Per L 

mu fir 1. 

tnu 
per 1. 

1 per 
; cen( 

nJU 
per /. 

per 

cent 

mu 
per /, ! 

A" : 

cent 

nu 
per 1. 

per 
\ cent 

0.45 

9.52 

1.92 

1.20 

1.06 

65.5 

0.72 

37.5 

0.34 

18.0 

0.19 

10 

0.91 

9.52 

1.98 

1.20 

1.14 

70.8 

0.78 

30.4 

0.36 

31.4 

0.30 

15 

2.17 

5.71 

L.96 

1.00 

1.34 

i 68.4 

0.96 

'49.0 

0.38 

19.4 

0.96 

49 

2.17 

5.71 

1.96 

0.90 

1.34 

68.4 

t.OG 

5-1. 0 

0.28 

9.4 

0.96 

49 

2.72 

9.52 

2.21 

0.80 

1.50 

68.0 

1.41 

63.8 

0.09 

4.2 

1.21 

55 

2.72 

9.62 

2.21 

0.90 

1.50 

6S.0 

1.31 

59.3 

0.19 

8.9 

1.21 

55 

4.35 

1.45 

1.53 

0.70 

1.12 

73.2 

0.83 

1 64.2 

i 0.29 

1 19.0 

1.07 

70 

4.35 

1.45 

1.53 

0.50 

1.12 

73.2 

1.03 

67.4 

0.09 

I 5.8 

1.07 

70 

5.43 

9.62- 

2.67 

0.60 

2.25 

87.6 

2.07 

80.5 

0.18 

! 7.1 

1.92 

75 

5.43 

9.62 

1 

2.57 

0.60 

2.25 

87.6 

2.07 

80.5 

0.18 

1 7.1 

1 

1.92 

75 

6.63 

2.17 

2.36 

0.50 

2.14 

90.6 

1.86 

79.0 

0.28 

11.6 

2.08 

80 

6.63 

2.17 

2.36 

0.30 

2.14 

90.6 

2.06 

87.4 

0.08 

3.2 

2.08 

SO 

10.86 

9.52 

3.27 

0.30 

3.08 

94.2 

2.97 

90.6 

I 0.11 

3.6 

2.88 

88 

10.86 

9.52 

3.27 

0.35 

3.08 

94.2 

2.92 

89.3 

1 0.16 

1 4.9 

2.88 

88 

10.96 

4.34 

3.43 

0.90 

3.16 

92.2 

2.53 

73.8 

0.63 

18.4 

3.05 

89 

10.96 

4.34 

3.43 

0.80 

3.16 

92.2 

2.63 

76.6 

0.53 

1 15.6 

3.05 

89 

10.96 

4.34 

3.43 

0.80 

3.16 

92.2 i 

2.63 

76.6 

0.53 

15.6 

3.05 

89 

13.06 

4.34 

3.31 

0.20 

3.13 

94.6 

3.11 1 

94.0 

0.02 

0.6 

3.05 i 

92 

17.24 

4.34 

3.84 

<0.20 

3.71 

96.6 

3.64 

95.0 

0.07 

1 1.6 

3.65 j 

95 


that of the protein is high. This is compatible ivith the conclusions from 
x-ray data that the protein in cephalin-protein complexes is held between 
micelles of cephalin (28). 


CONCLUSIONS 

cephalin can be shown to bind appreciable amounts of calcium, alone, 
and m the presence of protein, evaluation of the cephalin content of normal 
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and patbolopcal sera may serve to clarify the role of plasma proteins in 
the regulation of calcium ion concentration. In the concentrations foimd 
in normal plasma, it would seem that 30 to 40 per cent of the bound calcium 
may be bound in non-diffuable form by cephalin. 

SOMMARV 

1. The physiological action of phosphatides, particularly cephalin, on 
the isolated frog heart has been investigated, and the validity of calcium 
ion determinations in the presence of cephalin has been demonstrated. 

2. The calcium-binding power of cephalin in Ringer’s solution has been 
followed by the frog heart method and a iCcaCepi. found to be of the order 
of 1.27 X 10"’ over the physiological range. 

3. Cephalin in this system has been found to react with calcium pre- 
dominantly as a bivalent anion, but deviations from this have been ob- 
served and evaluated. 

4. The calcium-binding power of a protein of known constitution has 
been investigated and a JfcaProt found. 

5. The calcium-binding power of a mixture of the protein and cephalin 
preparations already investigated has been shorni to be less than the ex- 
pected value for the two components separately and to depend largely on 
the cephalin content of the mixture, although the form of response is of a 
different order from that of either component alone. 

The authors wish to express their appreciation for the help given by 
Professor E. G. Miller, Jr. They also wish to thank the Department of 
Physical Chemistry of Harvard University for the protein used in this 
investigation. 
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DETERMINATION OF p-AMINOBENZOIC ACID, CONJUGATED 
p-AMINOBENZOIC ACID, AND p-NITROBENZOIC ACID 
IN BLOOD 

Br H. WILLIAM ECKERT 

(From the Division of Laioratories and Research, New York Slate Department of Health, 

Albany) 


(Received for publication, November 25, 1942) 

Numerous recent investigations (1-10) have stressed the biologic im- 
portance of p-aminobenzoic acid, and it is therefore desirable to have a 
chemical method for determining this substance in biologic fluids. 

The structural relationship between sulfanilamide and p-aminobenzoic 
acid is evident from the formulae. 


'<Z>‘ 


p-Aminobenzoic acid 


“CD”' 


SOiNH, 


Sulfanilamide 


Of several methods in use for the determination of sulfanilamide and re- 
lated compounds perhaps the best is that of Marshall (11-13). It con- 
sists in diazotizing a trichloroacetic acid blood filtrate for 2 or 3 minutes 
with 0.1 per cent sodium nitrite, destroying excess nitrous acid with 0.5 
per cent ammonium sulfamate solution containing KHjPO< as a buffer, and 
finally developing a red color suitable for colorimetric determination by 
coupling the diazotized solution with dimethyl-a-naphthylamine.' A 
modification of this method has been found very satisfactory for the de- 
termination of p-aminobenzoic acid. The changes are briefly: (1) the 
concentration of sodium nitrite is increased from 0.1 to 0.2 per cent; (2) 
the concentration of ammonium sulfamate is increased from 0.5 to 2.0 per 


cent; (3) no buffer is used; and (4) the diazotization period is lengthened. 
Conjugated p-aminobenzoic acid may be determined after the same hy- 
drolysis procedure as that used by Marshall for siflfanilamide, since both 
compounds in the conjugated form are acetylated at the amino group (14). 


Studies in this laboratory ha%'e dealt with the pharmacologic properties 
of p-nitrobenzoic acid administered to animals (15) and with its effects when 


^ * The later reagent of Bratton and Alarehall (13) possesses certain advantages over 
^methji-a-naphthjiamine and can be used equally well in all determinations in 
which the dimethyl-a-naphtbylamine is used in this paper. At the time of this in- 
vestigation all the experimental work was carried out with the dimethyl-a-naphthyl- 
amine reagent. Several preparations of the new reagent obtained at this time 
proved to be of unsatisfactorj- quality and it was not until after this work was com- 
pleted that a high quality commercial product appeared on the market. 
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introduced into cultures of various microorganisms (5, 10). A method for 
the determination of the nitro cornpomid in !)ioIogic fluids was therefore 
required. The method hero do.scrihejI consist.s in reducing the 7 )-nitro- 
benzoicacid to 7 )-nminobon zoic acid which is (hen determined by the modi- 
fied Marshall method. The reduction of the nitro group to the amino 
group takes place rather easily, but not all methods of reduction arc satis- 
factor}'^ for this analy.sis. Some of the reagents used were zinc and hy- 
drochlonc acid, stannous chloride, tin and hydrochloric acid, iron and 
hydrochloric acid; none of the.se proved .suflicicntly reliable and some of 
them interfered with the final analysis. '’J'ilanoii.s chloride proved to bean 
excellent reducing agent. 

Apparatus — 

A Klett-Summerson photoelectric colorimeter with green filter Xo. 56 
and matched test-tubes of 12.5 mm. diameter. 

15 by 150 mm., lijrpcd Pyrex fcst-ttihe.s graduated at 10 ml. and 12 ml. 

Reagents — 

Sodium nitrite, 0.2 per cent, freshly prepared. 

H 3 'drochloric acid, approximately •! n. 

Ammonium sulfamatc (LaMottc), 2 per cent. This i.s- a much stronger 
solution than is necessary, but n.ssurcs complete destruction of excess nitrite 
during the analj'sis. 

Dimetlrjd-a-nnphtlylamiire (Eastman),! ml. in 250 rrrl. of 95 per cent 
alcohol. 

Titanous chloride (LaMottc), 20 jrcr cent .solution, slandar’dized. 

T, richloroacetic acid (Mci'ck), 15and2.7 per cent .solutiorrs. Tlrelatteris 
conveniently prepai-ed by diluting 18 ml. of the 15 per cent solution to 
100 ml. 

p-Aminobenzoic acid and p-niti’oberrzoic acid (Eastman) solutions. 
Each contains 100 mg. of the solute in 100 ml. of 2.7 per cerrt trichloroacetic 
acid. Fi’om these stock solutions dilutions are made foi’ standards or I'C- 
covery experiments in blood. Eastmarr chemicals are used after being 
r-ecrystallized fi’om water. 

Sulfanilamide (Winthrop), 100 mg. of sulfarrilairridc in 100 ml. of the 
dilute trichloroacetic acid. 

Tartaric-hydrochloric acid mixture. Add 30 gra. of tartaric acid (East- 
man) and 42 ml. of concenti-ated hydrochloric acid to 100 ml. of distilled 
n atei . 1 his sohrtion has a slight yellow color which does irot inteiiei’C with 
the test. 


Procedure 

Preparation of Blood FrVtratcs— Measur-c 2 ml. of oxalated or citrated 
blood into 50 ml. flasks, add 30 ml. of distilled water-, and mix thoroughly. 
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Allow laldng to take place for 5 minutes. Add 8 ml. of 15 per cent 
trichloroacetic acid slowly with rotation. Shake the mixture ligorously and 
allowto stand for 15 minutes. Filter through filter paper. The filtrate is 
used for determination of p-aminobenzoic acid, p-acetjiaminobenzoic acid, 
and p-iutrobenzoic acid. 

Ddennimlion of f-Aminohemoic Add in Blood Filtrates — Place 10 ml. 
of the blood filtrate in a 50 ml. flask and add 2 ml. of water. Add 1 ml. of 
0,1 per cent sodium nitrite solution and allow the mixture to stand for from 
15 to 20 minutes. Then add 1 ml. of 2 per cent ammonium sulfamate, mix 
well, and let stand for from 2 to 3 minutes. Finally, add 5 ml. of the alco- 
holic dimethyl-a-naphth 3 iamine and allow to stand for from 30 to 60 
minutes in order to develop the maximum color. Read in the colorimeter 
with the blank set at zero. The blank for this determination, and also that 
for the conjugated (acetylated) p-aminobenzoic acid, consists of 10 ml. of 
2.7 per cent trichloroacetic acid solution treated exactly as above. 

Dderminalion of Conjugated {Acetylaled) p-Aminohenzoic Add — Place 
10 ml. of the blood filtrate in a graduated Pj-rex test-tube and add 0.5 ml. of 
4 N hydrochloric acid. Place the tube in a boiling water bath for 1 hour, 
cool to room temperature, and dilute the mixture with water to the 10 ml. 
mark. Transfer to a 50 ml. flask and rinse the tube with 2 ml. of water, 
adding this rinsing to the first solution. The solution is now treated e.x- 
actly as in the case of the free p-aminobenzoic acid. 

Determination of p-Nitrohemoic Add in Blood Filtrates — Place 10 ml. of 
the blood filtrate in a graduated Pjwex test-tube and add I ml. of tartaric- 
hi'drochloric acid mixtme and 2 drops of 20 per cent titanous chloride. 
The function of the tartaric-hydrochloric acid mi.xture is to prevent the 
formation of insoluble titanic acid on heating. Mix the contents of the 
tube well bj' rotating and then place in a boiling water bath for from 10 to 
15 minutes. Cool the tube rapidlj' to room temperature and dilute the 
mixture with water to the 12 ml. mark. Transfer to a 50 ml. flask. Add 
1 ml. of 0.2 per cent sodium nitrite solution, mix, and let stand for 20 min- 
utes with occasional swirling. This last step removes the remaining traces 
of titanous ion and also diazotizes the amine. .A.dd 1 ml. of 2 per cent am- 
monium sulfamate, mix, and allow to stand for from 2 to 3 minutes. 
Finally, add 5 ml. of alcoholic dimethji-a-naphthylamine and allow the 
color to develop from 4 to 5 hours before reading. This longer time is 
nocessarj- for maximum color development, since the rate of coupling is 
greatly reduced in the presence of the additional reagents. The mixture 
may stand overnight at this point, without danger of fading. If the 
colored .solution is not clear, centrifuge. Read in the colorimeter agaiast a 
blank set at zero. The blank is 10 ml. of 2.7 per cent trichloroacetic acid 
solution treated exacth' as is the sample. 
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Standards — A standard containing 0.025 mg, of p-aminobcnzoicacidoran 
equivalent amount of sulfanilamide may be used. It is treated exactly as 
described under the determination of p-nminobcnzoic acid. Sulfanilamide 
is a convenient standard, since in solution it keeps indefinitely in a cool 
dark place. 

Calctdations 

With the Mctt-Summci-son photoelectric colorimeter, readings are 
directly proportional to the concentration of the substance being de- 
termined: the factor equals the amount of standard di\'idod by the scale 
reading. To calculate free p-aminobenzoic acid, the scale reading is multi- 
plied by the factor, with suitable corrections for the relative molecular 
weights if sulfanilamide was used ns the standard. Conjugated p-amino- 
benzoic acid is determined by comparing the amounts found before and 
after hydrol 3 ''sis. 

In determination of p-nitrobenzoic acid, the amounts of free and con- 
jugated p-aminobenzoic acid arc subtracted from the total amount found 
after reduction with titanous chloride. The difTcrcncc, representing p- 
aminobenzoic acid derived from p-nitrobcnzoic acid, is converted to the 
equivalent weight of p-nitrobenzoic acid, and the value so found is divided 
by 0.788 to correct for the fact that recovciy was only 78.8 jier cent of the 
theory in horse blood filtrates, as is described below. 

EXPERIMENTAL 

Conformity of Color Formation to Beer's Law — Color production by p- 
aminobenzoic acid Avas found to follow Beer’s laiv. Similar e.xperiments 
were performed AAuth sulfanilamide and sodium p-aminobenzoate (Fig- !)• 
The factors are directly proportional to the molecular weights of the com- 
pounds over the concentration range 0.0025 to 0.05 mg. per 100 ml. 

Recovery of p-Arninohenzozc Acidfrojn Blood — Recoveries of p-aminoben- 
zoic acid added to horse blood in concentrations of 20, 10, 5, 2.5, and 1.25 
mg. per cent were 96, 99, 96, 96, and 103 per cent respectively, average 
98 per cent. Thus, the recovery of p-aminobenzoic acid from blood is of the 
same order as that of sulfanilamide which, at this dilution, is around 95 per 
cent. No attempts were made at this time to determine the percentage 
recovery of p-acetylaminobenzoic acid, for there is little reason to assume 

hydrolj'sis of tliis eompound and acetylated 
suhamlamide. Experiments showed that conjugated p-aminobenzoic acid 
m blood filtrates is completely hydrolyzed in a boiling water bath in 1 hour 
or less. Blood filtrates diluted 1:20 and 1:40 were analyzed for conju- 
gated p-ammobenzoic acid and no significant difference ivas found in the 
results at the two dilutions. Tlris indicates that coprecipitation vdth pro- 
teins IS probably not an important source of error. 
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Reduction of p-NUrobenzoic Add to p-Aminobemdc Reduction of 
p-nitrobenzoic acid is quantitative (99 per cent) in dilute trichloroacetic 
acid corresponding to a 1‘20 blood filtrate (Tablel). 2 drops of 20 per cent 
titanous chloride were found ample for the reduction. Table I shows that 
at the end of 15 minutes heating in a boiling water bath the reduction is 
quantitative, but after longer periods there is a considerable loss. For ex- 



SCALE READINGS {KI«tl-Summ»r»onPfiolo«IeelricColotImi!«r) 

Fjo. 1. Conlonnity of color formation to Beer’s law and relationship of color 
intensities. 


Table I 

Reduction of p-Nilrobenzoic Acid in Dilute Trichloroacetic Acid Solutions 
Corresponding to Coricenlralion of i:S0 Blood PiClrate 


^‘Niirobeaioie acid 

Time of bciting for rtdacUoa 

Umia. 

60 trim, 

t!t£. ftr cent 

per cent 

Per cent 

12.5 

98 

87 

6.25 ' 

99 

89 

3.13 

100 

88 

1.66 


92 

0.78 

102 

95 


ample, after the reduction mixture is heated for 1 hour, the recovery of p- 
aminobenzoic acid is only 90 per cent of the theoretical. Heating at a lower 
temperature during the reduction also gave low results, unless the heating 
was continued for a much longer time. Samples reduced in a boilingwater 
bath and then left at room temperature for several hours before further 
treatment sometimes gave very low values. Therefore, it is important to 
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proceed witli the diazolizafion immediately after rapid cooling of the re- 
duction mixture. 

Recoveries oj p-Nilrohenzoic Acid Added to Horse Blood — Recoveries of 
p-nitrobenzoic acid from horse blood were onl}’ about 78.8 per cent. The 
reason for thi.s loM’ recovciy could not be determined. If heating is con- 
tinued for 1 hour, the recovciy drop.s to around 72.5 per cent; after 10 
minutes at 05-75°, the recovery is only about 10 per cent of the amount 
theoretically present. However, the re.sulf.s .seem to be ^'cry consistent, 
since practicallj' tlie .same percentage recoveries were obtained in blood 
samples from four different hor.sc.s, including some GO specimens covering 
the range 1.25 to 20.0 mg. per cent. The analj’sis wa.s carried out at differ- 
ent protein concentrations by vaiying the dilution of the blood sample from 
1 :20 to 1 ; 100, but the percentage recovciy was the same in the presence of 
the different amounts of blood protein. Moreover, the same percentage 


Taiilk II 

Recoveries of p-Nilrobcnzoic Acid from Horse Blood 
Samiilo heated 10 to 15 minutes at 90-100°. 


Theory 1 

Found 1 

Recovcr>‘ 

Per cent ! 

ne. fer teni 

fer cent 

20.0 

15A 

' 77.0 

10.0 

7.87 

7S.7 

5.0 

3.94 

[ 78.8 

2.5 

1.97 

I 78.8 

1.25 

1.01 

80.8 

Averace 

78.8 


recoveries were obtained when widely vaiying amounts of p-nitrobenzoic 
acid were added to a given amount of blood (Table II). It docs not seem 
probable, therefore, that the low results arc due to coprecipitation. The 
lesults shown in lable II are typical and indicate that a correction factor of 
0.788 must be used in calculating the amount of p-nitrobenzoic acid in 
blood. 

EJ)cct of lilmwus Chloride on p-Aminobcnzoic Acid — Solutions containing 
10 mg. per cent ot p-aminobenzoic acid were treated exactl}'’ as in the 
procedure for determining p-nitrobenzoic acid. At the end of 15 minutes 
heating, the loss was less than 3 per cent; at the end of 1 hour, it was nearly 
15 pei cent. This accounts for some of the losses on continued heating, but 
it does not explain the great loss in recoveries of p-nitrobenzoic acid from 
blood filtrates. 
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Delermimtion of p-Aminohenzoic Acid in 3fedta — For the determination 
of p-aminobenzoic acid in broth cultures, the cultures are passed through a 
porcelain filter and 2 ml. samples of the filtrate mixed nith 8 ml. of distilled 
water and 2 ml. of 15 per cent trichloroacetic acid. The determination is 
carried out as described under blood filtrates. The sample is centrifuged 
until clear and is then ready to be read in the colorimeter with a suitable 
blank set at zero. 

The determination of p-nitrobenzoic acid in broths or other media 
presents special difficulties. If the material is cloudy and caimot be easily 
cleared by centrifuging, as in the case of pneumococcus cultures, it is treated 
as preriously described and the color allowed to reach a maximum. Some 
Celite- or similar substance is then added to clarify the suspension and the 
colored solution is centrifuged until clear; the centrifuge tubes are capped to 
prevent evaporation. The colored .solutions should not be filtered, since 
as much as 20 to 25 per cent of the eolor may remain on the paper. In the 
presence of the concentrations of phosphate ordinarily in culture media 
(0.1 to 0.2 per cent) , the method for the determination of p-nitrobenzoic acid 
is not applicable; but the limiting concentration of phosphate was not 
determined. 

When colored-broths are analyzed, a blank on the untreated broth must 
be determined. 

Spccificily and Sensiimty — Certain chemicals, such as phenol, cresol, 
m- and o-aminobenzoic acids, aniline, sulfanilamide compounds, and many 
other related substances give color reactions by this method but are gener- 
ally not found in biologic fluids. It might be mentioned here that peptone 
broths sometimes pve a slight color under the conditions of the method and 
this interference has been traced to the presence of tryptophane (17). 
Blood filtrates from normal animals give no reaction. 

The reaction described is extremely sensitive and 1 y of p-aminobenzoic 
acid can easily be determined in 10 ml. of filtrate. By suitable reduction 
of volumes a still greater sensitivity may be attained and it is possible to 
determine 0.1 y in 1 ml. of filtrate if special small colorimeter tubes are used. 

SUMMARY 

A method is presented for the determination of p-aminobenzoic acid, 
p-acetylaminobenzoic acid, and p-nitrobenzoic acid in blood or other biolo- 
gic fluids. 


The author wishes to express his appreciation of the criticisms and sug- 
gestions of Dr. i\Iarj' C. Pangbom. 

* Celito analytical filter aid (.lohns-Manvillc). 
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A NEW MICRO COLORIMETRIC METHOD FOR THE DETER- 
MINATION OF TRYPTOPHANE 

Bt H. william ECKERT 

(From the Divieion of Laboratories and Research, New York Stale Department of Health, 

Albany) 

(Received for publication, December 9, 1942) 

Colorimetric metbods for the microdetermiBation of tryptophane fall into 
four classes: (a) reactions ivith aldehydes in acid solution (1,2); (b) reaction 
with glyoxylic acid (3); (c) reaction with mercury salts and nitrous acid 
(4, 5); (d) determination after isolation of tryptophane from its mercury 
salt (6). Each of these methods has certain disadvantages: lack of speci- 
ficity, the necessity of preliminary separation of tryptophane as the mercury 
salt, or the requirement of a long time for the development of color. 

In determinations of p-aminobenzoic acid in peptone broth by a modifi- 
cation of Marshall’s method for the determination of sulfanilamide com- 
pounds (7), a faint red color that developed in the broth was traced to the 
presence of tryptophane. This color was very slight and interfered little 
irith the determination of p-aminobenzoic acid. However, if the amount of 
sodium nitrite was increased and the period of diazotization prolonged, the 
intensity of color was greatly increased, making possible the utilization of 
the reaction for a colorimetric determination of tryptophane. This paper 
presents the details of the method, which offers certain advantages over the 
methods previously available. 

Reagents — 

Sodium nitrite, c.P., 1 per cent solution freshly prepared. Dissolve 1 
gm. in 100 ml. of distilled water. 

Ammonium sulfamate (LaMotte), 4 per cent solution. Dissolve 4 gm. 
in 100 ml. of distilled water. 

N-(1-Naphthyl)ethylenediamine dihydrochloride (LaMotte or East- 
man), 0.1 per cent solution. Dissolve 100 mg. in 100 ml. of distilled water. 
Keep in a dark brown bottle in a cool, dark place. WTien it becomes col- 
ored, discard it. 

Hydrochloric acid, c.n., approximately 1.2 n. Dilute 10 ml. of the con- 
centrated acid to 100 ml. with (hstilled water. 

Standard tiyptophane solution. This contains 0.05 mg. of tiyqjtophane 
per ml. of 1.2 n hydrochloric acid; it darkens on standing and should be 
freshly prepared each time it is to be used. The most convenient stand- 
ard contains O.lO mg. of trj'ptopliane in 5 ml. and is prepared bj' diluting 
2 ml. of the stock solution with 3 ml. of 1.2 n hydrochloric acid. 
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Apparatus — 

Anysuitablc coloriinctor. A KlcK-Sutntnersoa photoelectric colorimeter 
with green filter Xo. 5G, equipped with tnntchcd tcfit-tubcs having a diam- 
eter of 12.5 nun., has been found veiy .satisfiictorj'. 

Erlenmcyer flasks, 50 ml. (gin.’^s-stoppered fla.sks are preferable). 

Method I — Add 1 ml. of 1 percent sodium nitrite to the sample contained 
in 5 ml. of 1.2 N hydrochloric acid in a 50 ml. Erlenmcyer flask; allow the 
mixture to stand for 30 minutes, occasionally swirling to a-ssure proper 
mixing. Add -1 ml. of -1 per cent ammonium sulfamatc solution and rak 
thoroughly. After 10 minufc.s, add 10 ml. of distilled water. This pr^ 
vents formation of bubbles of nitrogen on the walls of the tube and thus 
facilitates the colorimetric reading. Finally, add 5 ml. of 0.1 per cent 
X-(l-naphthyl)cthylenodiaminc dihydrochloridc solution. A red color 
begins to develop immediately in the pro.scnce of tryptophane and reaches a 
ma.ximum in from 30 to GO minutes. Readings were taken at 30, CO, and 


T.^nu; I 

Stahilily of Color Exlracled by n-Bulyl Alcohol 
±0.20 mg. of tryptoplmiie (extracted CO minritcs after reacting). 


Time of reading after extraction 

[ Cclorimeltic tcatlinRs j 

Decrewc 


1 

ftrcenl 

Immediately 

•185 

0 

30 min 

•1S5 

0 

60 “ 

485 

0 

90 “ 

485 

0 

15 hrs 

420 

13 


90 minute intervals, but in routine practice the 30 minute reading has been 
found sufficient. 

If the material to be analj’zed is jrcrfectly colorless, the blank consists 
simply of 5 ml. of 1.2 n hydrochloric acid treated in the same way as the 
sample. If the sample is known to give some color other than red, a close 
approximation may be secured by adding a small amount of sodium sulfite 
to the colored solution after the reading in the colorimeter is taken. After 
the red color has disappeared, the blank reading is made. Similarly, the 
addition of KH 2 PO 4 and NaNOj will also discharge the red color, or the 
sample may be treated exactly as described except that in the last step 
5 ml. of water are added instead of the 0.1 per cent N-(l-naphthyl)ethyl- 
enediamine dihydrochloridc. Neither of these methods j'ields a true 
blank but the apjrroximation is sufficientlj'^ close. 

hen the photoelectric colorimeter has been standardized and the factor 
is known, the instrument need be checked onfy occasionallJ^ 
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By reducing sll quantities to one-fifth of those given above, the determin- 
ation may be performed (hrectly in the colorimeter tube in a total volume of 
5 ml., the smallest amount practical to use in the tubes of theMett-Sum- 
merson photoelectric colorimeter. In this ease a standard contaming only 
0.02 mg. of trj'ptophane in 1 ml. of 1.2 k hydrochloric acid may be used and 
the analysis may be carried out on a sample representing only a few mg. of 
hydrolyzed protein. 

Method II — ^The following procedure is useful when the material to be 
analyzed is so highly colored that the blank corrections described are in- 
adequate. After the maximum color has been developed in the samples, 
blark, and standard, as described under Method I, add 10 ml. of n-butjd 
alcohol and 5 gm. of sodium chloride. Then shake the mixture thoroughly 
to extract the color, using either a separately funnel or a glass-stoppered 
flask or cylinder, until no red color remains in the aqueous layer. Filter 
8 or 9 ml. of the butyl alcohol layer immediately through paper into 
colorimeter tubes, place corks in the tubes, and take readings. The 
color is stable in n-butyl alcohol for at least 1| hours (Table I). 

Calculalions 

The readings are taken on samples, blanks, reagent blank, and standard, 
nith the reagent blank set at zero for each reading. The blank readings are 
then subtracted from the corresponding sample readings. This corrected 
value multiplied by the factor (mg. of tryptophane in the standard dmded 
by the reading of the standard) equals the mg. of tryptophane in the sample. 

EXPERIMENTAL 

As already mentioned, the only changes necessarj' to adapt the method 
for p-aminobenzoic acid to the determination of tryptophane were increase 
in the amount of sodium nitrite and lengthening of the ^azotization period. 

Concentration of Sodium Nitrite — ^To investigate the effect of increased 
concentrations of nitrous acid on the intensity of color, the period of diazo- 
tization was kept constant and the amount of sodium nitrite was varied. 
The results showed that a maximum color intensitj' was obtained when 1 ml. 
of 1 per cent sodium nitrite was used for each 5 ml. of the sample in 1.2 
N hydrochloric acid. This concentration was accordingly selected for use. 
Further increase of sodium nitrite resulted in a decrease of color intensitv 
(Table II). 

Period of Diazolization — ^The effect of the time of diazotization on the 
color intensity was determined by using the conditions outlined in Method 
1 and vaiying the time of diazotization. It was found (Table III) that 
'nth increase of the dhazotization period up to 90 minutes the color became 
more intense. It appears that a longer period of diazotization would be 
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required to give the maximum intensity of color, but further experiments 
sho^Y that the maximum need not be reached to obtain reproducible results, 
The increase between 60 and 90 minutes is small compared with that be- 
tween 30 and 60 minutes, suggesting that the maximum color intensity 
occurs soon after the 90 minute period. 

Effect of Conccnlralion of Hydrochloric Acid on Development of Color 
Intensity — 10 ml. portions of various concentrations of acid were substituted 
for the 10 ml. of water added just before addition of the N-(l-naphthyl)- 
ethylenediaminc dihydrocliloride. Tlic results (Table IV) show that the 
intensity of color decreases with the increased concentration of acid. 


Tadlk II 

Effect of Increase of NaNOj on Color Intensity 
5 ml. sample equivalent to ±0.26 mg. of tryptophane. 


Amount of 1 per cent 
NoNOt aaded 

Colorimetric rcadinR at end of 

30 min. 

CO min. 

90 min. 

ml. 

1 

236 

2*10 

236 

2 

216 

217 

212 

3 

202 

202 

1 

198 


Table III 

Effect on Color Inlcnsily of Period of Dia:otization 
5 ml. sample containing ±0.26 mg. of tryptophane. 


Period of 
diozotization 

1 Colorimetric reading at end of 

1 

30 min. 

60 min. 

90 min. 

min. 




30 

212 

226 

226 

60 

256 

270 

26S 

90 

280 

280 

274 


Conformity to Beer’s Law — After conditions for maximum color develop- 
ment in a given time of diazotization were selected, it was desirable to check 
the determination for its conformity to Beer’s law. Method I was used, 
the period of diazotization being varied and vdth readings at 30, 60, and 
90 minute intervals (Table V and Fig. 1). The maximum readings are 
reached at the 60 minute interval but vary little from those of the 30 or 90 
minute interval. The intensity of color produced at the end of the 90 
minute period of diazotization is higher than that produced by the 30 
minute period but follows Beer’s law equally well. The average factors 
vdth the maximum deviation are as follows: 30 minute period of diazotiza- 
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tion, 0.00101, 1.0 to 2.0 per cent; 90 minute period of diazotization, 
0.00091, 2.2 to 3.3 per cent. 

Before the present procedure was developed, dimethyl-a-naphthylamine 
was used in place of N-(l-naphthyl)ethylenediamine, At least 6 hours 


Table TV 


Effect of Concentration of Hydrochloric Acid on Color Intensify 
5 ml. sample equivalent to ±0.26 mg. of tryptophane. 


Concentration of HCI 

Colorimetric reading at end of 

of excess nitrous acid 

30 min. 

60 min. 

90 xnin. 

fr 

12 

13 

18 

18 

9 

22 

33 

32 

6 

38 

53 

52 

3 

97 

142 

142 

0 

240 

256 

249 


Tabie V 


Conformity of Method I to Seer's Law 


■ 

Period of 

Colorimetric readings it end of 

Fictot X nr* 

Average 

da2<iUxaUo& 

30 cun. 

60 min. 

90 mm. 

30 min. 

60 min. 

90 min. 

factor 

mt. 

0.051 

nh. 

30 

51 

so 

49 

1.00 

1.02 

1.04 

0.00102 

0.102 

30 

101 

102 

100 

1.01 

1.00 

1.02 

0.00101 

0.153 

30 

150 

152 

149 

1.02 

1.01 

1.03 

0.00102 

0.204 

30 

207 

208 

205 

0.99 

0.98 

1.00 

0.00099 

0.255 

30 

253 

257 

253 

1.01 

0.99 

1.01 

0.00100 

0.051 

90 

55 

66 

56 

0.93 

0.91 

0.91 

0.00092 

0.102 

90 

111 

112 

113 

0.92 

0.91 

0.91 

0.00091 

0.163 

90 

163 

167 

166 

0.95 

0.92 

0.92 

0.00093 

0.204 

90 

225 

227 

227 

0.91 

0.90 

0.90 

0.00090 ' 

0.255 

90 

275 

280 

280 

0.93 

0.91 

0.91 

0.00092 

0.051 

90 

66 

57 

57 

0.91 

0.90 

0.90 

0.00090 

0.102 

90 

115 

117 

117 

0.89 

0.87 

0.87 

0.00088 

0.153 

90 

166 

169 

168 

0.92 

0.91 

0.91 

0.00091 

0.201 

90 

225 

229 

226 

0.91 

0.89 

0.90 

0.00090 

0.255 

90 

275 

278 

275 

0.93 

0.92 

0.93 

0.00092 


were required for maximum color development, as is shown in Fig. 2. The 
to^yl-a-naphthylamine was used as an alcoholic solution, 1 ml. diluted 
o 250 ml. with 95 per cent alcohol. Control axperiments in w’hich varying 
amounts of alcohol were added to the standard tryptophane solutions 
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analyzed as in Method I showed that there was verj' little, if any, retarda- 
tion of color formation even when the amount of alcoliol was larger than 
that introduced in the dimethyl-a-naphthylaminc reagent; therefore, the 



SCALE READINGS ( Klca^Summerson photoelectric CoIorimeUr I 

Fia. 1. Conformity of Mctiiocl I to Beer’s huv. Constancy of colorimetric factor 
with varying amounts of tryptophane and two dilTcront periods of diazotiration, 
N'(l-naphthyl)ettiylene(lianiiiic rlihydrocldoride heing u.scd in a final volume of 2o 
ml. 



SCALE READINGS (Ki.it -Sutrrmerson Pholoeleclric Colorimeter) 


Fig, 2. Effect of time on development of color when dimothvl-a-naphthylnmine 
is used (final volume, 12 ml.). 

slow rate of color formation could not bo attributed to the alcoliol present 
but mu.st be due to tlic dimcthyl-a-naphthylamine itself. The sliadcs and 
intensities of color developed by these two reagents could not bo distin- 
guished from one another. 
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Effea of Heat and Light— Heat must be avoided in all steps of the de- 
termination. Although heat hastens the development of color, it abo 
causes fading to start immediately; if applied during the diazotization 
period, it prevents the final color development. Light seems to have no 
effect on the color for short periods of time, but fading occurs after the 90 
minute readings. The colored solutions should not be exposed to direct 
sunlight. 

Recovery of Added Tryptophane— Known amounts of tryptophane were 
added to hydrolysates of serum albumin, and the amounts recovered are 
recorded in Table VI. The fact that only 90 per cent of the largest added 
amount was recovered suggests that the diazotization reaction may not 
have been complete; the diazotization period should perhaps have been 
increased to 90 minutes. It should also be called to mind that the per- 
centage of tyrosine in albumin is high, about 4.7 per cent. The percentage 
of trj'ptophane found in the serum albumin was 0.55 as compared with 0.53 


Table VI 

Recovery of Added Tryptophane from Hydrolysates of Serum Albumin 
15.9 mg. of serum albumin per ml. of sample. 


Amount of tryptophane useef 

recovered 

Per cent recovery 

mx. 

mt. 


0.051 

0.050 

98 

0.102 

0.097 

95 

0.153 

0.144 

90 


reported by others (8). The only other protein analyzed was commercial 
gelatin, which gave 0.015 per cent, reported in the literature as 0.00 per cent. 

Specificity — The amino acids most likely to interfere, phenylalanine, 
proline, histidine, and tyrosine, were tested. Tyrosine in large amounts 
gives a vciy slight yellow color; however, the amount of tyrosine would have 
to be so much larger than the amount of tryptophane present that the 
possibility of interference is negligible. In addition to the amino acids, 
riboflavin and nicotinic acid were tested, but gave no reaction whatever. 
There arc, however, other compounds that produce colors and interfere with 
the determination. Thej' are o-, m-, and p-aminobenzoic acids (a deep red 
color); phenol and cresol (yellow to orange-red color); and indole and 
skatole (a deep red color). It is immediately apparent that the test is not 
specific for tryptophane alone. Tyrosine, a phenol and also an amino acid, 
does not give the same reaction as phenol. This is, no doubt, due to the 
fact that the para position to the hydro.xyl group is lilocked by the a- 
aminopropionic acid. The para position of a phenol is the most reactive, 
and, if it is blocked, the formation of a p-nitrosophenol is prevented. Aro- 
matic amines and phenols are not likely to be found in protein samples. 
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DISCUSSION 

It is evident that none of the common nmino acids gives any interfering 
color, since no such interference took place in the hydrolysates of albumin 
or gelatin. The other types of compounds that would interfere with the 
determination are few and generally not found in protein hydrolysates. 
The nature of the reaction is not knoum. 

SUMMARY 

A new reaction is presented for the determination of tryptophane in 
amounts from 0.01 to 0.25 mg. No other nmino acid gives the reaction 
except t3Tosine in amounts far c.xcccding that ordinarily’ found in proteins. 
Thus, it is possible to perform the determination directly on hydrolysates 
without removing the other amino acids. 

The author wishes to express Ins appreciation of the criticisms and sugges- 
tions of Dr. Mary C. Pangborn. 
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THE CHROMOGENIC EFFECT OF VARYING MIXTURES OF 
ANDROSTERONE AND DEHYDROISOANDROSTERONE 

Bt ELEANOR SAIEK, ROBERT C. GRAUER, and WILLIAM P. STARKEY 

{From the Deportmout of Rooeorch in Endocrtnoloffy end Motcholisnif Williom R. 
Singer iUmortal Research Laboratory, Allegheny General Hospital, Pittsburgh) 

fReceived for publicatioa, December 28, 1942) 

After it was established that the calibration curves of androsterone and 
deh}’’droisoandrosterone are different (1), it became desirable to determine 
the influence of one of the crystalline hormones on the chromogenic effect 
of the other. This work was carried out as a preliminary step to studying 
the biological effect of similar mixtures. Since it was shown that the 
values for androsterone and dehydroisoandrosterone give calibration curves 
which superimpose when alcoholic KOH is employed (2, 3) and do not 
superimpose when aqueous KOH is used (4, 5), the latter method was 
employed. While the present reports were in the process of development, 
Friedgood and Whidden (6) published curves secured vith mixtures of 
androsterone and dehydroisoandrosterone when aqueous KOH was em- 
ployed, having a different object in view. 

The study of the mixtures of crystalline androsterone and dehydroiso- 
androsterone' was made with both the Neustadt technique and the Fried- 
good and Whidden technique. These methods were employed because 
each reveals a difference in the intensity of the color produced by the two 
hormones. Five mixtures of the two ciystalline hormones were dissolved 
in 60 per cent alcohol when the Neustadt method was followed and in 95 
per cent alcohol when the Friedgood and Whidden method was employed. 
The solutions studied were 100 per cent androsterone, 75 per cent andros- 
tcrone -F 25 per cent dehydroisoandrosterone, 60 per cent androsterone -f 
40 per cent dehydroisoandrosterone, 50 per cent androsterone -i- 50 per 
cent dehydroisoandrosterone, 40 per cent androsterone -f- 60 per cent 
dehydroisoandrosterone, 25 per cent androsterone 75 per cent dehydro- 
isoandrosterone, and 100 per cent dehydroisoandrosterone. The K values 
for each mixture throughout the range studied were calculated according 
to the law of Lambert and Beer, from which a mean K value, with its 
standard delation, was obtained. 

Calibration curves were derived for the individual hormones (1) and also 
or each of their mixtures from the experimental data by the method of 
cast squares. A composite plot was made in order to show the position 

androsterone and dehydroisoandrosterone employed in these studies were 

• ^*^*^^*™*'^**^^'®'*^ Products, Inc., through the kindness of Dr. Ernst 
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ANDUOSTERONK AND DEHYDROISOANDIiOSTEUONE 


Taih.K I 

Determinations by Kcmladl Technique 

A. = androateronc, D. *= dcliydroiaonndroRteronc, C “ concentration of hormone 
per cc, of final volume of colored Bohition, K *=• relationship of chromogen produced, 
as influenced by specific conditions, to the filter used. Equation of line, L = nega- 
tive log of the light transmitted (2 — log G), M =< amount of hormone (mg.) in the 
total volume of solution. 


Sund- 

Mf.nh ftfiJ 
K clevia- 

lion 


Equilioa of line 


= O.loS.lf -fO.0121 
>= O.lCG.lf 4*0.0113 
= O.lSOLlf 4-0.0055 
= 0.2027 j1/ 4- 0.0037 
= 0.21195/ 4- 0.0051 
= 0.218S5/ 4- 0.0219 
= 0.25175/ + 0.022 
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in which eacli of the mixtures fell in relation to the pure hormones. Fig. 1 
sho\v,s the curve.s that were derived from the data in Table I secured by 
the Neustadt method. Indi\ddual semilogarithmic graphs (Curves A to 
G) were constructed for each of the mixtures studied. 

It can readily be seen by an inspection of these cur\’es that all of the 
mixtures fall between the two cun'es of the pure hormones. As the con- 
tent of the dehj'di'oisoandrosterone of the mixtures increases, the cun’e 
tends to approach that for pure crj'stalline dehj'droisoandrosterone. It 
is therefore apparent that the presence of both hormones in the same 
solution has no effect on their relative chromogenic values. In order to 
demonstrate this phenomenon more clearly, the Lt values for the mixtures 

Table II 


Similarily of Theoretical i. and Li Derived from Equation of Mixtures 
{Keustadt Technique) 


Solution 

Equation of oixture derived 
from experimesUl data 

Total 

Li from 
equation 
of 

mixtures 

theoretical 

Differ- 

ence 

75% A. + 25%D 


mg. 

0.4 



percent 

8.0 

75%“ +25%“ 



0.1328 

0.1451 

8.0 

75% “ + 25% “ 




0.7250 

8.0 

60%“ -t-40%“ 


0.5 



3.5 

60% " -f- 40% “ 


1.0 

0.1891 

0.1954 

3.5 

50%“ +50%“ 



mmmm 


1.0 

50% “ + 60% “ 





1.0 

40%“ +60%“. 





1.0 

40% " + 60% “ . 



0.2119 

0.2142 

I.O 

25%“ +75%“ 




0.0913 

4.0 

25% “ + 75% “ 

1 


IB 

0.1826 

4.0 


and the components of the mi.xtures were calculated and compared. (An 
Lj value is defined as the optical density or L value of the hormone obtained 
from its equation by subtracting the zero intercept term.) The theoretical 
value refers to the sum of the Lj values of the components of the mixture 
which were obtained from their respective calibration crm'es. These were 
then compared to the actual A. values which were determined for the re- 
spective mi.\tures from the equation of their calibration cmrves. The per 
cent of difference of the actual from the theoretical was then calculated. 
Table II shows that the maximum difference is 8 per cent, as shown by the 
mixture of 75 per cent androsterone and 25 per cent dehydroisoandros- 
terone. The rest of the mixtiu-es sljow a difference of not more than 
•1 per cent. 








21G 


ANDIIOSTKUONK AND DKHYPnOISOANPnOSTEnONE 


The same procedure was followed with the Friedgood and ^Miidden tech- 
nique. Fig. 2 represents the composite and individual plots of the mixtures 



Fig. 2. Curves secured by the method of Friedgood end Whiddon 


Table III 


Detcrminalions bij Friedgood-Whidden Tcchnigue 


Solution 

No. ol 
deter- 
mina- 
tions 

. 

Range of C 

Mean 

A' 

Stand- 

ard 

devia- 

tion 

Equation of line 

100% A 

19 

mg. per cc, 

0.0042-0.02S3 

33.29 

0.79 

L = 3. lOM -{- 0.0055 

75% “ + 25% D. . . 

25 

0.0042-0.0283 

34.83 

O.SC 

" = 3.12V -f O.OISO 

60% » + 40% . 

15 

0.0042-4).0283 

35.77 

0.89 

“ = 3.26V -f 0.0149 

50% " + 50% . 

25 

0.0042-4).0283 

39.15 

1.61 

“ = 3.40V + 0.0315 

40% “ + 60% . 

15 

0.0042-0.0283 

40.39 

1.49 

“ = 3.5GV + 0.0263 

25% ■' + 75% , 

15 

0.0042-0.0283 

42.64 

1.22 

» = 3.77V -b 0.0264 

100% D 

20 

0.0042-0.0283 

44.35 

1.04 

“ = 4.0SV -b 0.013 


that were derived from the data in Table III. Table IV shows the per cent 
difference obtained by comparing the theoretical Lj values vdth that 
obtained from the equation of the specific mixtures. If the chromogenic 
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properties of either horxnoiie sre not altered, theii the I-tz value for any 
given mixture should he ecjual to the sum of the Xj^ values for each of the 
androgens in the solution as obtained from their respective caUbration 
curves. In the Friedgood and "tlTiidden technique, the per cent difference 
of the Lz values of the mixtures from the theoretical values is much less as 
the dehydroisoandrosterone content is increased. 


Tabus IV 

Similarity of Theoretical U and h Derived from Equation of Mixtures (Friedgood and 
Whidden Technique) 


Solution 

Equation of mixlttre derived 
fronx experimental data 

Amount 

Li from 
equation 
of 

mixtures 

theoretical 

Difference 

75%A. + 25%D.. .. 

L = 3.12M +0.0180 

H| 

0.936 


per cent 

6.7 

60% “ + 40% “ 

“ = 3.26Jlf + 0.0149 




6.6 

50% “ +50%‘' 

“ = 3.40M + 0.0315 




5.3 

50% » +50%" 



i 1.020 

1.077 

5.3 

40%" +60%“ 

“ = 3.S6if + 0.0263 




3.5 

25% “ + 75% ■' 

“ = 3.77M + 0.0264 




1.5 


DISCUSSION 

A comparison of the experimental data, by two different techniques, 
shows that colorimetrically the presence of both androsterone and dehy- 
droisoandrosterone in the same solution does not alter the individual chro- 
mogenic properties of the hormones. However, the per cent difference 
between the theoretical Lj and the Li derived from the equation of the 
mixtures is somewhat larger nith the Friedgood and Whidden technique 
than with the Neustadt method. The basic fact is established that, as 
the amount of dehydroisoandrosterone is increased, the curves tend to 
increase in the direction of this crystalline hormone. This is directly 
opposite what was found when similar mixtures were assayed biologically 
by the chick comb weight method.* Using our modification (7) of the 
Dorfman technique (8), we found that as the amount of dehydroisoandros- 
terone was increased the curves inclined toward the androsterone curve. 
This indicates that the biological properties of dehj'droisoandrosterone are 
markedly influenced by the presence of androsterone in the same solution. 
Colorimetric measurements indicate the presence of those substances w'hich 
enter into the ni-dinitrobonzene reaction without indicating the biological 
potentialities of their proportionate mixtures. Results of our biological 
studies show that the varjing mixtures of the two crj'stalline hormones in 
the same solution result in a sjmergistic effect on the chick comb. 

’ Graucr, R. C., Starkey, W. F., and Saier, E. L., unpublished data. 










218 


ANDROSTKHO.Vn ANn nKHVOnOIPOANDnOSTEnON'E 


SUMMAHV 

Vaiying mixtures of lUKlrosteroiie and dcln'clroisoanclrosteronc were 
studied coloriino{ricnll.v liy the methods of Ncii.stadt and of Fricclgood and 
Wliidden. Tlie calibration curx'es that were derived for each of the mix- 
tures fell within (lie expected range of the curves of the individual crj'stal- 
line hormones. The ehrornogenie |)roi)ertie.s of androstcronc were not 
altered by the pre.senco of dohx'droi.soaiifirosterone in the same solution. 
The data suggest that colorimetnc a.'i.says do not indicate the biological 
potentialities of varying mixture.s of tlie two biologically active crj’.stalline 
androgens. 
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THE DETERMINATION OF HEMOGLOBIN IN TISSUE 
EXTRACTS OR OTHER TURBID SOLUTIONS* 

By WALDO E. COHN 

With the Technical Assistance of Miss A. L. Ndtt 

{From the John Collins Warren Laboratories of Harvard University, Massachusetts 
General Hospital, Boston) 

(Received for publication, February 9, 19-J3) 

In many investigations it is necessaiy to estimate quantitatively the 
amount of hemoglobin in tissues, tissue extracts, or biological fluids. 
Hemoglobin in blood is easily and routinely determined in the Evelyn 
colorimeter with the aid of Filter 540. Two sources of error make this 
method inaccurate when applied to tissue extracts: (1) turbidity (light 
absorption) from lipids, proteins, or other non-hemoglobin pigments, and 
(2) the presence of methemoglobin, which has a lower absorption at 540 mp 
than does oxyhemoglobin. Several investigators have endeavored to cor- 
rect for the contribution made by turbidity to the total Lua value by means 
of measurements of light absorption at wave-lengths at which the absorp- 
tion by hemoglobin is small (e.g. 620, 660 vay). The assumption is then 
made that the “turbidity correction” at 540 mp (Lmo'” ) is equal to the 
total 1-620 value, or that the light absorption (L value) due to turbidity is 
linear across the colorimetric scale so that Z/mo'**' may be deduced by extra- 
polation of Lem, Z- 660 , etc., values to 540 my. Either of these assumptions 
can be shown to be approximately true under certain conditions, but neither 
is invariablj' correct, and the greater the turbidity the less true is either 
assumption. Not only does blood itself show bj'- either method a con- 
siderable “turbidity con-ection” (about 10 to 15 per cent) which is some- 
times neglected, but any methemoglobin formed from oxj'hemoglobin in 
the preparation of the solution will give rise to large errors, since methemo- 
globin has a higher absorption in the 620 to 660 my range and a lower 
absorption in the 540 to 570 mp range than does oxyhemoglobin. Both of 
these divergences w ill add up to diminish the calculated Lue value of the 
solution (LU““'). 

The method to be presented, suggested by the work of Evelyn and 
Malloy (1), avoids both of these difficulties. It is based upon the fact 
that oxj’hcmoglobin (HbOi) is readily and quantitatively converted into 

* This is Publication No. 567 of the Cancer Commission of Harvard University. 

The work described in this paper was done under a contract, recommended by 
me CommiUcc on Medical Research, between the Office of Scientific Research and 
Development and the M.assachusetta General Hospital. 
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DETKllMIN’ATION OF HEMOOI-ODIN 


mcthcmoglobin (MHb), and this into cynnmcthcmoglobin (MIIbCN), 
each of wliich lias a characteristic spcctrophotometric absorption curve 
(although those of IlbO; and of MIIbCN arc ver^' similar). These con- 
versions produce no change in the absorption characteristics of the turbid 
material or non-hemoglobin iiigments. The extent of change in light ab- 
sorption (L value) at certain characteristic wave-lengths is then compared 
with those similarly obtained from a solution of hemoglobin (blood) of 
known Luo value. This yields a calculated /4lo‘“' value for the hemo- 
globin in the unknown solution from which the hemoglobin content can 
be obtained. 

In order to insure both the accuracy of the hemoglobin conversions and 
the constancy of the turbidity throughout it is ncccssarj' to buffer the 
extract before making the determinations. This is accomplished vith 
0.02 M .phosphate buffer at pH G.G. 

Theoretically the change in absorption at any one of a number of wave- 
lengths could be used to determine the hemoglobin concentration. The 
largest and most characteristic shifts, however, occur at 540, 5G5, and 
G35 mu (1) and it is at these wave-lengths that measurements arc most 
profitably made. 


Method 

The tissue extract (water, saline, or buffered solutions may be used) is 
made up to any convenient volume with water and sufficient st/3 phos- 
phate buffer (pH G.G) to give a final concentration of about 0.02 si. All 
erythrocytes should be hemolyzed. The optimal volume is one wliich has 
an Lmo value of about 1 (G = 10 ). Record the volume ns T'' in ml. 

Centrifuge the extract and pour about 10 ml. into a colorimeter tube, 
li^th 0.02 SI phosphate buffer as a blank, determine the values 
Loot, and for this solution. Add 1 drop of 20 per cent IV 3 Fe(CN )6 
solution to the unknovm and to the blank, mi.x, and again read at 540, 
565, and 635 m^i to get the values of and Add 1 drop 

of a freshly prepared mixtui’e of equal parts of 10 per cent NaCN and 12 

tubes, mix, and determine the values of 
and 


Calculation 

From the nine L values determined above, six D values may be calcu- 
lated as follows; 

= LjtHl, _ x,MHbCN 
- Z.“Hb. 0636 ^ ^MHb _ oMHbCN 


(1) 



W. E. COHN 


221 


These differences are similarly determined on a sample of blood (prefer- 
ably from the animal whose tissues are under examination), and each such 
blood difference is divided by the Lua value of that sample of blood. The 
resultant figures are the shifts observed in a hemoglobin solution of which 
the Lho = 1.00, We may designate these values as etc. In 

our experience, the following average values were obtained; Bi = +0.47, 
= -0.46, Br = +0.57, £ 2 “ = -0.46, Bf* = -0.24, J5|” = +0.24. 

For each unknonm solution, six ■values of Lm may be obtained from the 
ratios of the corresponding D and B values above, from the relation 

QitO JpStS ^636 

(2) “ ^555 = gM5 ““ gUO > = gx 

If no methemoglobin is present in the initial extract, all six values for Lm 
will agree. Any methemoglobin in the initial extract vill lower all the 
Lho values obtained from Di values by an amount proportional to the 
MHb present, and the Luo values obtained from the three Dt values should 
then be regarded as representing the total hemoglobin. Conversely, any 
MHb in the standard blood sample -iiill elevate the values obtained 
from Di/Bi. 

The Luo value, which is now known, is readily converted into ml. of 
blood from the formula 

(3) Vfc ioo d ^ ^ blood in total tissue extract 

■^640 

where Lm 5‘“' is calculated from Formula 2. Lmo^ = 10/0.02 X Luo of 
0.02 ml. of blood corresponding to that in the unknomi in 10.0 ml. of 
water(= the Lmo value of 1.0 ml. of terminal blood in a volume of 1.0 ml.). 
F is the total volume of the tissue extract in ml. 

The entire calculation may be shortened by using, instead of Formulas 
2 and 3 in succession, the combined formula 

d\ 

f‘^1 X F = ml- blood in total tissue extract 

where C„ = (B„)(500)(Z/6<o of 0.02 ml. of terminal blood in 10 ml. of water) . 

DISCUSSION 

This method has been used effectively in tissue e.xtracts of all degrees 
offcolor and turbidity, even those produced by homogenizing tissues in the 
11 aring mixer. It should be noted at this point, however, that muscle 
hemoglobin will undergo the reactions described and will thus appear in 
the total hemoglobin figure. Lowrj' and Hastings (2) have applied the 
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method of Watson (3) in determining the contribution of this pigment to 
the total hemoglobin figure; \vc have endeavored, wth varj’ing degrees 




Fio. 1. Absorption curves for n sample of dog blood, determined with the Evelyn 
colorimeter. 

Fia. 2. Absorption curves for nn extract of the lung of a viviperfused dog. 



of success, to separate the muscle and blood hemoglobin by selective 
extraction of the blood pigment. 
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In Fig. 1 are plotted absorption cun'cs for oxy-, met-, and cyanmethemo- 
globin, as determined in a sample of dog blood = 1.000) on the 

Eveljm colorimeter. It is apparent from these curves why we have chosen 
the 540, 565, and 635 m^ filters to determine the D values. 

In Fig. 2 are plotted the three absorption curves obtained from an 
extract of lung taken from a w'iperfused dog. The near identity of the 
three curves indicates the absence of any appreciable amount of hemo- 
globin, and the general nature of the turbidity correction is clearly 
demonstrated. 

The cun'es in Fig. 3 were derived from another portion of the tissue 
extract used to obtain the curves in Fig. 2, but Avith the addition of 0.02 
ml. of blood to 10 ml. of the extract. The relationship of total reading 
to turbidity and the independence of the D values are clearly shown. 

An example of the disturbing influence of methemoglobin on the oxy- 
hemoglobin absorption cun’-e is shown in Fig. 4. In such an extract, any 
method which relies upon total absorptions of the extract at any wave- 
length vill be in error. The shift from methemoglobin to cjmEmethemo- 
globin, however, is quite independent of this. 

The sensitivity of the method is about half that for hemoglobin in blood 
by the colorimetric technique, or about 1 mg. of hemoglobin (about 0.005 
ml. of blood), since and are about one-half the Luo value. 

The constancy of the Ltoa value on each of the three curves under all 
conditions suggests the use of these values as a criterion of the constancy 
of turbidity during the hemoglobin transformations. The Leoo values will 
immediately reflect any change in the turbidity of the solution, and read- 
ings nith Filter 600 should be made as a precautionary measure whenever 
such a change is suspected. In our experience, however, this has never 
happened except in unbuffered solutions. 

SUMMARY 

A method for the quantitative determination of the amount of hemo- 
globin in turbid solutions is described. This method is based on the shifts 
in the hemoglobin absorption spectrum produced by the change of exj-^- 
hemoglobin into methemoglobin, and of methemoglobin into cyanmethemo- 
globin. The .sen.sitivity of the method is about half of that for hemoglobin 
in blood. 

e wish to thank Dr. John Gibson for his interest and aid in this work. 
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PRODUCTION OF ACIDS FROM GLUCOSE BY DENTAL PLAQUE 

MATERIAL 

By JOHN A. MUNTZ 

(From the Chemistry Laboratory of the Walter G. Zoller Memorial Denial Clinic of the 
University of Chicago, Chicago) 

(Received for publication, January 9, 1943) 

The “chemo-parasitic theory” of the etiology of dental caries, first 
advanced by W. D. Miller (1), postulates that the initial demineralization 
of tooth enamel is brought about by acids produced by bacteria present 
on the teeth. Since this pioneer work, a great many investigators have 
sought to identify the bacteria that are chiefly responsible for the acid 
production. Very few attempts have been made to characterize the acids 
formed. It is well known that many bacteria, when removed from one 
environment and grown in another, change their biochemical as well as 
other characteristics. A study of the metabolism of pure cultures of micro- 
orgaiusms associated with dental caries may or may not give a true picture 
of the metabolic activity of the same microorganisms when they are 
present on the teeth. It is desirable therefore to study the mixed bac- 
terial flora as it is obtained from teeth in the mouth. 

Since W. D. Miller’s work (1), lactic acid has generally been assumed to 
be the principal acid associated with the carious process, but it was only 
recently that B. F. Miller and Muntz demonstrated its presence in dental 
lesions by a specific method (2). These authors reported that the lactic 
acid found was not stoichiometrically eqmvalent to the water-soluble cal- 
cium, thus indicating the presence of other acid anions. It has been sug- 
gested that pyruvic acid may be present in carious lesions (3). While the 
work presented in this paper was in progress, Summerson and Neuwirth 
(4, 5) reported experiments with saliva which demonstrated conclusively 
that lactic acid was only a part of the total acids formed from glucose. 

The following experiments describe some aspects of the metabolism of 
glucose by the nuxed bacterial flora obtained from tooth surfaces. This 
nuxture of bacteria and matrix substances will hereafter in this paper be 
referred to as plaque material.* 

‘Throughout this paper the term plague material is used to connote the gross 
bacterial layer that can bo scaled readily from the teeth of patients with poor hygiene. 
It has an amorphous appearance, and does not contain macroscopic food particles. 
Bacteria appear to make up about half of the total bulk of plaque material; the 
remainder is comprised of matrix material, the nature of which is unknown. 
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UXrr.UIMKNTAt, 

The plaque material was aiispcntied in water and homogenized in an all- 
glass homogenizer. Aliquots of tin's sus'iiension were then treated as 
desired. Gtuco.se determinations W(>re made hy the method of idillcranci 
Van Slyke (G) on the supernatant fluid from sample.s of plaque material 
without prcliminaiy doproteinization. Lactic acid wa.s determined by 
the method of hlillcr and Muntz (7) after the .samplc.s to lie analyzed had 
been previously freed of carliohydrate hy copper-lime treatment. Volatile 
acids were determined by micro steam distillation and .suliscqucnt titra- 
tion. Total acids were determined by direct titration of the supernatant 
fluid obtained by centrifugation. Phenoliihthalein was used as indicator 
for the titrations. 

Relationship between Glucose Consumed and Lactic Acid Produced hy 
Plaque Material — In these experiments plaque material wa-s removed from 
the teeth of patients c.vhibiting variou.s types of dental disorders. Suffi- 
cient material to gi\'c a moderately heavy susjxinsion was suspended in 
2.0 cc. of distilled water. It was homogenized and aliquots were incubated 
vdth 0.1 per cent glucose for 30 minutes. An aliquot of each sample was 
incubated aerobically, and in four eases aliquots’ were incubated anaerobi- 
cally. Glucose and lactic acid analyses were made before and after the 
incubation. From these data one obtains the ratio of moles of laetic acid 
formed to moles of glucose consumed. If all the glucose were converted 
to lactic acid this ratio should be 2.0. Table I shows that under aerobic 
conditions the amount of glucose that disajrpcai’s cannot be wholly ac- 
counted for as lactic acid. The wide fluctuation in the ratio of the lactic 
acid produced to the glucose consumed probably reflects the variability 
of the bacterial flora in these cases. In no instance was the ratio zero; 
that is, soine lactic acid was always found. It is important to remember 
that these incubations were carried out in essentially unbuffered solutions, 
and hence the pH was allowed to fall. The only buffers were those origi- 
na y preserrt in the plaque materials themselves. In three out of the 
sewn experiments in which the incubation was carried out anaerobically 
an aerobically on similar aliquots of the same suspension, the lactic acid 
ac^nrn ation was much higher under the oxygen-free conditions. 

rroduchon of Add from Glucose and Its Swudtancous Destruction— 
bummerson and Neuwirth in their studies of the decomposition of glucose 
y ora rmcroorganisms present in saliva found that lactic acid accounted 
lor only 50 per cent or less of the total acid formed (4). In a later report 
e s^e aut ors showed that lactate and pyruvate were rapidly metabo- 
teed by the bacteria in saliva wth the production of other acid (or acids), 
which was not identified (5) . 

I have obtained essentially the same results using plaque material as 
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the source of bacteria. However, the rapid destruction of lactate occurs 
chiefly around pH 7. If the pH is permitted to fall, as lactic acid is pro- 
duced from glucose in unbuffered solutions, the breakdowm of lactic acid 
is greatly retarded. In these experiments aliquots of the same suspension 
of plaque material were incubated in well buffered media (Fig. 1, a), and 
in poorly buffered media (Fig. 1, 6). The type of curve showm in Fig. 1, b 
is obtained under conditions that are more comparable to those actually 

Tabi-e I 


Glucose Consumed and Lactic Acid Simultaneously Produced by Plaque Material 
Patients 1 to 6 had extensive dental caries. Patients 7 to 13 either had no dental 
caries or else had all cavities filled. 


Patjtrfl No. 

Lactic acid produced 
per 2 cc. suspensioo 

Glucose consumed 
per 2 cc. suspension 

Ratio, 

moles lactic acid 
moles glucose 


Aerobic 

Anaerobic j 

Aerobic 

Anaerobic 

Aerobic 

Anaerobic 


y 

warn 

y 

y 



1 

438 


886 

857 


1.0 

2 

222 


269 

158 

1.7 

4.4» 

3 

133 


159 




4 

47 


146 


0.6 


6 

328 


720 


0.9 


6 

27C 


431 


1.3 


7 

109 

258 

504 

482 

0.7 

1.1 

8 

107 

160 

228 

260 

0.9 

1.2 

9 

24 


116 


0.4 


10 

388 


945 


0.8 


n 

151 


369 


0.8 


12 

247 


522 


0.9 


13 

193 


374 


1.0 



• This abnormally high ratio is probably due to substrate originally present in 
the plaque material. 


occurring in the mouth, s'mce it ha.s been shotvn that the pH of plaques 
on teeth falls rapidly after ingestion of glucose (8). 

The rate of lactic acid formation which results from the breakdown of 
glucose reaches its optimum around neutral pH, and falls off sharply below 
pH 6 as well as above pH 8 (Fig. 2). In these experiments, 0.1 cc. aliquots 
of a su-spension of homogenized plaque material were rhluted with 0.075 M 
buffer solutions, and sufficient glucose was added to give a 1 per cent solu- 
tion. The original suspensions had been prepared to contain approximately 
the same amount of suspended material per unit volume. The lactic acid 
is expressed as micrograms per 0.5 cc. of the original suspension. It is to 
be emphasized that the lactic acid present at the end of 30 minutes incuba- 
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tion represents the difference between the totnl nmovmt formed and the 
anaount destroyed. 

It is also important to point nut that the rapid destruction of lactic add 
formed from glucose is an aerobic procc.ss. Under anaerobic conditions 
much more lactic acid accumulates, apparently because its destruction, if 
it occum at all, is greatly retarded. This i.s shown in Fig. 3. The experi- 


0*1 K rhosphato buffor 



TUffi OP IHCUIJATIOH (UIKUTBa) 


0*005 K Photphat© bjffer 



TIKS OP IPCUBiTIOH (MIITOTSS) 


Fio. 1, a Fio. 1, 6 

Fig. 1. Lactic acid production from glucose and its utilisation (a) in ivcll buffered 
media, (b) in poorly buffered media. 



Ko. 2. Lactic acid production (micrograms per 30 minutes) from glucose by plaque 
matenal at various pH values. 

ments to illustrate this point were performed as follows : Samples of homog- 
enized plaque material were divided into 2 equal parte; one sample was 
incubated ivith 1 mg. of glucose in 0.1 m phosphate buffer, pH 7.0, in the 
pr^ence of oxygen-free nitrogen. The other sample was incubated in air 
under the same conditions. Samples were removed from both suspensions 
at var^ng periods of time and analyzed for lactic acid. Fig. 3 shows that 
anaerobic conditions favor the accumulation of lactic acid. This phe- 
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nomenon may be of some importance in the pathogenesis of dental caries, 
since the interproximal spaces and pits and fissures of the teeth are suffi- 
ciently anaerobic to permit the growth of an anaerobic flora. Anaerobes 
have likewise been isolated from plaque material present on the smooth 
surfaces at the gingival margin, although presumably these areas are 
well aerated (9). 

When lactate formation-destruction curves were obtained on samples of 
plaque material from a number of patients, wide variations were observed 
in the rate at which lactate was destroyed. The following experiment 
shows that the type of curve varies with the amount of plaque material in 
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Fiq. 3. The production of lactic acid from glucose (1 mg. per 2 cc.) and its decom- 
position by plaque material at pH 7 under aerobic and anaerobic conditions. 

suspension, that with heavy suspensions the lactate can be completely 
destroyed, while with light suspensions only a partial destruction occurs. 
The shape of the curve can be varied by simply diluting a heavy suspension 
of plaque material nith buffer solution, as can be seen in Fig. 4. In all 
these samples the total volume of suspension was the same, as well as the 
glucose and phosphate buffer concentration. However, there were 4 times 
as much plaque material in the most dense suspension as in the least dense. 
Lactic acid analyses were performed on comparable aliquots in each case. 
The experiment illustrated in Fig. 4 shows that it is meaningless to compare 
the metabolic activity of plaque material obtained from patients with 
■varj'ing degrees of caries acthrity unless equivalent suspensions are ana- 
b red. Nor is it permissible to obtain the dry weight of a given aliquot of 
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suspension and then multiiily by n dilution factor in order to express tk 
results on an equivalent, hasis." 

This behavior of suspensions of |)lnque material wlien they arc diluted 
has been confinnod by several experiments. The exact mechanism of this 
shift in the curve has not been r-Iueidated, but it is quite probable that a 
dilution effect is operative here similar to that described hy other workers 
with tissue suspensions (10). ’I'herc is also the added possibility that cer- 
tain diffusil)!c cofactons, necessary for the oxidation of lactic acid, maybe 
the limiting factors in this reaction. 'I'liiis when the bacterial .suspension 



Fig. 4. The influence of density of the suspension of plaque material upon the 
actic aci formation and destruction. The glucose concentration is 1 mg. per cc. oi 
suspension in 0.2 m phosphate liufTer, pH 7.0. 


IS diluted, these factors may not he present in sutTicient quantity to main- 
tain a proportional reaction rate. 

Production of Acids Other Than Lactic Acid by Plaque Material from 
ucosc Since Friedemann (11) has shown that under anaerobic condi- 
lons ceitain pathogenic bacteria produce acetic and formic acids in addi- 
tion to lactic acid, and since many organisms are capable of utilizing lactate 
aero ica y nith the formation of acetic acid, it seemed de.sirable to study 


onrieti ummerson (5) found no correl.'ition between the degree of dent 

consiimorl I ® saliva to metabolize lactate. Some specimens of salii 

variable rnTe f ^ ’ others did so only very slowly. It may bo that tl 
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the formation of steam-volatile acids by plaque material. It is also of 
iiterest to ascertain whether the lactic acid and the volatile acids together 
comprise the total acidity of suspensions of plaque material or whether 
still other acids are formed. It has already been pointed out that there is 
good indirect evidence for the formation of acids other than lactic. 

As a first approach to this problem, experiments were carried out in the 
follotring manner. Sufficient plaque material was pooled to give 3.6 cc. 
of fairly heavj' suspension. This was homogenized and 0.5 cc. aliquots 
were centrifuged. The supernatant fluid was withdrawn, discarded, and 
replaced by exactly 0.50 cc. of 0.1 m phosphate buffer, pH 7.0, containing 
2 mg. of glucose. The plaque material w'as resuspended in the buffer 
solution and incubated at 37° for varjing periods of time. At the end of 
the incubation period, the sample was heated for 2 minutes in a boiling 
water bath to destroy all enzjme activity. It was then cooled and the 
sides of the tube were washed down with 1 cc. of distilled water. Samples 
of the resulting diluted suspension were anal3'zed for lactic acid. The 
remainder was centrifuged and the supernatant fluid quantitatively re- 
moved to a larger tube. The residue was washed once with 1 cc. of water 
and the resulting supernatant fluid added to the first. The combined 
supernatant fluids were then titrated with 0.0083 n NaOH to the full pink 
color of phenolphthalein (pH 8.5). The titration difference between the 
sample incubated with glucose and a control incubated without glucose 
is a measure of the total acids formed. 

The titrated samples were acidified with 5 per cent phosphotungstic acid 
to pH 2.5, and transferred to a 50 cc. distilling unit TOth sufficient W'ater 
to make 20 cc. During the distillation, water was added continuouslj' to 
maintain this volume, and six samples, comprising a total of 105 cc., were 
distilled over. Titration of the distillates gave a measure of the volatile 
acids. 500 7 of acetic acid added to plaque material could be recovered 
with a precision of ±1 per cent bj' the total acid procedure. 90 to 95 per 
cent of the same amount of acetic acid could be recovered bj' the volatile 
acid determination with a precision of ±5 per cent. 

Several samples of plaque material were incubated and analj-zed in this 
manner. Fig. 5 shows the results obtained in a tj'pical ex-periment. Maxi- 
mum lactic acid formation occurs witWn 30 minutes and thereafter de- 
creases rapidly. l'’olatile acids, on the other hand, are produced at a 
fairly constant rate throughout the 2 hour period. The total acids are 
produced very rapidly in the first 45 minutes, and thereafter the rate of 
production falls off. It should be pointed out that the amount of sub- 
strate (glucose) is limited in these experiments. This, no doubt, accounts 
for the decrease in the rate of total acid production. At no time is the sum 
of the lactic acid and volatile acids equal to the total acids, Table II. The 
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difference between tiie tot nl acids and the sum of lactic acid plus volatile 
acids comprises between 30 and -tO per cent of the total acids. These non- 



Fig. 5. The acids produced from glucose (2 mg. per 0.5 cc. of suspension) b} plaqu 
material at pH 7 and 37°. 

Table II 

Acid Produced from Glucose 

The eoncentrations of acid given represent the total amounts accumulated from 
2 mg. of glucose at the stated time interval. — 


Sample No. 

Incubation 

time 

Lactic acid 
(1) 

Volatile acids 
(2) 

Total acids 

(3) 

Acids not 

accounts for 

(3) - (OH- 0)) 


min. 

mi/ NaOIl 

mv NaOn 


rrtv NaOB 

2 

16 

4.6 

1.1 

8.8 

3.1 

3 

30 

6.6 

2.3 

12.8 

4.0 

4 

45 

6.2 

3.2 

14.2 

4.8 

5 

60 

5.2 

4.5 

14.3 

4.6 

6 

90 

3.2 

5.7 

15.0 

6.1 

7 

120 

1.9 

7.2 

15.7 

6.6 


volatile acids are produced most rapidly in the first 15 minutes of in- 
cubation. 

It is of interest to compare the metabolic activity of a pure strain of 
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LactdbacMi isolated from the oral flora with that of the plaque material 
just described. A heavy suspension of the washed bacteria in 0.1 m phos- 
phate buffer was treated with glucose (1 mg. per 0.5 cc. of suspension). 
Aliquots of the suspension were incubated for varying periods of time and 
were then analyzed as described previously. Fig. 6 shows that lactic acid 
was rapidly produced but it rv’as not metabolized further. Volatile acids 
are not formed dming the first 30 minutes and thereafter only small 
amounts appear. The total acids formed from glucose are in excess of 
the lactic acid plus volatile acids. In this coimection it is of interest that 
the production of malic acid by oral Lactobacilli has been reported (12). 
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Fig, 6. The production of acida from glucose (1.0 mg. per 0.5 cc. of bacterial sus- 
pension) by oral LacCobaeilli at pH 7 and 37°. 

N ature of Volatile Acids Produced from Glucose — The identification of the 
volatile acids produced aerobically from glucose by plaque material at 
pH 7.0 has proved to be a difficult problem. It was not feasible to obtain 
enough plaque material so that large quantities of the acids could be pro- 
duced to permit their isolation. Samples of plaque material were collected 
daily from three or four patients, incubated- with glucose, and distilled. 
After a week, the combined distillates w'ere found to contain volatile acids 
equivalent to 15 mg. of acetic acid. Duclaux constants obtained on this 
acid mixture averaged 10.7. Duclaux constants on pure acetic acid and 
propionic acid obtained with the same dirfilling unit averaged 7.3 and 14.2 
respectively. A mixture of these acids, 8.4 mst in acetic acid and 4.9 rnxr 
in propionic acid, gave an average Duclaux constant of 11.0. 

The mixture of volatile acids obtained from plaque material was steam- 
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distilled at pTI 0.0 to roniove noulrnl .ste.ani-volatilc substances. It was 
rcacidificd to pll 2J) witli phospliolunRstic acid and the volatile acids 
again stcani-di.stillod. 'I'lic fraclion.s obtained in tlii.s distillation were 
titrated to pll 8.5 in a vc.ksel containing a gln.*;.s electrode, and were con- 
centrated in a vacuum dc.siccator. 10 cr. of tbo final solution contained 
sodium salts of the unknown acids e(|uivalent to 12.7 mg. of acetic acid, 
An estimation of formic acid was carried out on this solution by a mano- 
metric procedure in the ^^'arburg apparatus. It had previously been 
determined that by u.sing a 5 cc. ve.ssel, as little as 50 y of formicacid 
could be estimated. 0.3 cc. of solution containing the formate in the 
vessel side arm is tipped into 0.7 cc. of 0.02 .\t lCMnO< acidified to 0.1 K 
vith 112804. The reaction is complete in 1 hour; approximately 0.5 c.ram. 
of CO 2 is liberated per microgram of formic acid oxidized. Under the 
same conditions acetic acid and propionic acid yielded negligible amounts 
of CO 2 . ^\hcn several volatile acid .samples obtained from plaque material 
were analyzed in this way, formic acid was nca'cr more than, and usually 
less than, 10 per cent of the volatile acids. 

Several volatile acid concentrates were tested for acetic acid by the 
lanthanum nitrate test, always with jicgati\’c results. Yet the Duclaux 
constant suggested that it was certainly present. Subsequently the spot 
test described by Fcigl, Zai)pcrt, and Vasquez (l3) was employed and a 
good test for acetic acid obtained. By a rough comparison of the intensity 
of the color produced by a given volume of the volatile acid concentrate 
and known amounts of acetate it was estimated that about one-third of the 
total volatile acids could be accounted for as acetic acid. 

McNair (14) has described ah oxidimctric method for the estimation of 
piopionie acid. The method is not specific, since acetic acid reacts to a 
slight extent. However, the difference in reactivity is great enough to 
make the test of diagnostic value. In order to apply the method to such 
small amounts of acid as were available, all the quantities of the reagents 
were reduced 10 times. Comparable samples of acetic and propionic acids 
were run through the procedure at the same time. In this way it was 
estimated that betw-een 15 and 20 per cent of the total volatile acids 
reacted like propionic acid. 

The meicuious salts of the volatile acids have a cliaracteristic crystalline 
structure. However, all attempts to establish the identity of the acids 
formation of these mercurous salts were unsuccess- 
ui. nie presence of significant amounts of the higher fatty acids could 
e exc u e on the basis of the Duclaux constants and the absence of any 
pronounced butyrous odor in the distilled samples. 

<!nmr>r tiat the relative amounts of the various acids vaiy fro*^ 

0 samp e. This is to be expected with such a heterogeneous flora. 
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Yet in all the samples examined thus far, formic acid has not appeared in 
any appreciable concentration, and- acids of greater chain length than 
propionic acid do not seem to be formed to any appreciable extent. Pyru- 
vic acid was present in such small amounts that it could be neglected. 

DISCDSSIOX 

YTien dental plaque material is incubated in vitro nith glucose, lactic 
acid is formed so rapidly that it accumulates to a considerable extent. 
Unquestionably this occurs likenise on the teeth tn situ following the 
ingestion of glucose, sucrose, and other carboh 3 ^drates (15). However, 
in situ, the pH of the plaque material falls as acid is produced. Since it 
has been pointed out in this paper that the further breakdown of lactate 
occurs chieflj' at neutral reaction, it is quite probable that this breakdown 
is a much slower process in situ than in vitro at pH 7. The decomposition 
of lactic acid in situ probably proceeds as the salivary buffers e.xert their 
effect, a process which maj’’ take as long as 30 to 90 minutes (16). The 
decomposition of lactic acid would be further delaj’ed in the mouth by 
anaerobic conditions that may obtain in the caries-susceptible areas. 

The slower but continuous formation of volatile aci^ that has been 
demonstrated tb occur at neutrality in vitro probablj' occurs also in the 
mouth, as the saliva buffers the aciditj' of the plaque material. Since 
formic acid, which is one of the stronger steam-volatile acids, is formed in 
.such small amounts, this process is in effect the replacement of the rela- 
tively strong lactic acid bj' le.ss dissociated steam-volatile acids such as 
acetic acid and propionic acid. 

The rapid production of acids other than lactic and volatile acids may' 
be of some significance. Should these acids prove to be of the dicarboxylic 
type, such as succinic or malic, relatively strong acids would have been 
produced which in addition can form undissociated complexes with cal- 
cium (17). The rapidity with which the non-volatile acids are produced 
suggests that they can be formed directly' from glucose and do not appear 
primarily when the lactic acid is consumed. It would be of considerable 
interest to study their production under anaerobic conditions. 

SUMiXARY 

1- It has been demonstrated that the rapid destruction of lactic acid 
formed from glucose by' the bacterial flora of dental plaque material occurs 
chiefly at neutrality and under aerobic conditions. 

2. The rate of lactate breakdown is furthermore a function of the con- 
centration of plaque material; f.c., with very heai-y suspensions, the rate 
IS quite rapid, while with less dense suspensions a disproportionately 
greater time is required to achieve the same effect. 
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3. Concomitant with lactic acid formation and brenkdomi, there ba 
slower but st-cadj' formation of steam volatile acids. One of these is acetic 
acid and another reacts like propionic acid. Formic acid is produced in 
email amounts only. 

4. Besides lactic acid and the volatile acids there is a rapid production 
of a certain quantity of non-volatile acid. The identity of the acid or acids 
which constitute this fraction has not been established. 

The author wishes to express hi.s gratitude to Dr, Robert M. Stephan 
for his help in obtaining the dental plaque material employed in thh 
study, and to Dr. Benjamin F. Miller for hi.s suggestions and advice. 
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The alleged synthesis of ascorbic acid by the albino rat has made it a 
suitable animal for the investigation of the possible metabolic source or 
sources of this substance. The recent work of Sealock (1), Levine, Mar- 
pies, and Gordon (2), and others seems to indicate a relationship of vitamin 
C to various members of the Szent-Gyorgj'i-Krebs dicarboxylic acid cj’cle. 
This relationship has been investigated by them to determine the role of 
ascorbic acid in intermediary’ protein metabolism. One of the members 
of the Szent-GyorQ'i-Krebs oxidation cycle, citric acid, has not been in- 
vestigated to determine its possible relationship to \'itamin C. The ease 
with which citric acid is converted to various other members of the cycle 
and the postulated relationship of the converted forms to ascorbic acid 
suggested an investigation in which simultaneous studies are made of the 
metabolism of citric and ascorbic acids. I&ebs, Salvin, and Johnson (3) 
added citrates to the tissues of the rat and attempted to foUow the fate of 
these compoimds. The citrates soon ehsappearcd as such but seemed to 
pve rise to a-ketoglutaric acid, fumaric acid, and other acids which have 
been included in the oxidation schemes of Krebs and Szent-Gyorgyu. 
There was no determination in this study of ascorbic acid but it seems 
possible that citrie acid in pa^ng through one of the above intermediary 
products might be related either directly to ascorbic acid or to a precursor 
or catalytic system involved in the synthesis of ascorbic acid. 

Certain compounds have been shown to influence the tissue content and 
excretion of ascorbic acid (4, 5). Other compotmds have been noted to 
e.xert an mfluence on the tissue content and output of citric acid (6). 
There have been no published reports of the effect of any of these com- 
pounds on both ascorbic and citric acids. 

Investigations of metabolic relationships between ascorbic and citric 
adds Imve been hindered because of problems connected -with methods of 
analyds, particularly those for citrie acid. The classical method of Am- 
berg and McClure (7) is cumbersome and time-consuming, and involves 
a rather large correction factor (5 mg.). Normal ascorbic acid values are 
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available for rat tissues but until the recent work of Dickens (8) veiy little 
information had been given in the literature as to the quantities of citric 
acid in animal tissues. The need for more data on normal citric acid values 
for rat tissues is evident. 

The present study was planned (a) to investigate the effect upon the 
ascorbic acid content of tissues and urine produced by the ingestion of 
sodium and potassium citrate, two substances which have been shown to 
influence citric acid output, and (b) to study the effect, one upon the other, 
of ingested ascorbic and citric acids. 

EXPERIMENTAL 

Care of Animals — The young adult rats used in this study Avere housed 
in specially constructed metabolism cages consisting of a perforated alum- 
inum pie pan, covered b}^ an inverted ndre basket, placed on a large glass 
funnel, the stem of which dipped into a small flask containing 6 per cent 
metaphosphoric acid. The opening of the flask Avas Avrapped in eotton. 
These cages had the advantage of being less expensiA'e than many types of 
metabolism cages and of alloAA’ing for the analysis of urine for ascorbic acid 
AATth the least possible loss of this substance. The perforations Avere num- 
erous enough so that the urine dropped into the preserving and collecting 
flask immediately upon being voided. 

The basal diet consisted of dog choAV and evaporated milk, a diet previ- 
ously found by one of us (H. J. P.) to result in the excretion of a fairly 
constant amount of ascorbic acid. The supplements used Avere citric and 
ascorbic acids, sodium and potassium citrates, and eombinations of the 
above in the form of natural orange juice or a sjmthetic preparation re- 
sembling it in ascorbic acid, citric acid, and citrate content. 

Aliquots of urine collections Avere analyzed daily for ascorbic acid and on 
alternate days for citric acid. 

At the end of the supplemental feeding period ascorbic and citric acid 
A'alues Avere determined for blood and organs of rats on the basal diet and 
on supplements of sodium and potassium citrate (Table I). 

Methods of Analysis 

Citrie Aeid — The method Avhich AA^as used in this study is an adaptation 
of the micromethod developed in 1936 by Pucher, Sherman, and Vickery 
( 9 ). Difficulties Avere encountered in adapting this method to use AAith 
the Evelyn photoelectric colorimeter and obtaining reproducible results. 
The folloAA’ing modifications have been made and found useful. 

The solution to be analyzed, containing not more than 2.0 mg. of citric 
acid, is placed in a 125 ml. Erlenmeyer flask and a mixture of 10 ml. of 
10 per cent trichloroacetic acid and AA'ater added to give a final volume of 
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75 ml. 1 ml. of concentrated sulfuric acid is added and the solution is 
digested until the volume of the original is reduced one-half. The solution, 
if diluted, must be at least 1 n uith respect to sulfuric acid before further 
treatment is used. This solution is cooled in ice and brominated uith such 
a quantity of bronune water that at the end of 20 minutes the solution 
is still colored uith the bromine and gives off bromine fumes when the 
potassium bromide solution is added. The permanganate solution (from 
5 to 15 ml., depending on the concentration of citric acid present) is added 
uith the care of a titration until the appearance of the first permanent 
permanganate color. After 15 minutes this solution is decolorized com- 
pletely by the use of sulfur dioxide. The gas is passed through the solution 
and the excess gas is removed from the clear solution by complete aeration 
for at least 10 minutes, or until no odor of the gas is detectable. The 
pentabromoacetone is then extracted with petroleum ether and the thor- 
oughly washed ether layer is treated with sodium sulfide. The colored 
layer formed is drami off directly into 5 ml. of dioxane placed in the ab- 
sorption tube furnished with the macro portion of the Evelyn colorimeter. 
The final volume uith the colored layers is 11 ml. This solution is placed 
in the colorimeter and read after being allowed to stand for exactly 2 
minutes, in the dark. The blank solution consists of 5 ml. of dioxane and 
6 ml. of sodiiun sulfide, and is read after exactly 3 minutes in the apparatus. 
This difference in time equalizes the blank and unknown solution and is 
veiy necessary because of the rapid fading of the yellow-colored layer 
formed with the sodium sulfide. The blank is allowed to stand for 1 minute 
longer, because the sodium sulfide has been added to it all at once, instead 
of being added in portions, as is the case noth the solution being tested. 
Filter 420 is used for the determination. A standard curv'e is prepared 
uith the solutions of known strength of pure citric acid. The machine is 
adjusted so that the blank gives a i-eading of 100. 

Because of the possibilitj' that the addition of the sulfur dioxide to the 
oxidized and brominated solution might produce a product which would 
interfere with the pentabromoacetone conversion, it wa.s necessary to study 
the nature of the reaction occurring between pure pentabromoacetone and 
sodium sulfide. This reaction could then be compared \rith the substance 
formed in the solution when sulfur dioxide gas is used as a decolorizing 
agent. For the preparation of a pure standard compound, the metho£ 
for the preparation of pentabromoacetone described by Cahours (10), 
Cloez (11), t\ilde (12), tVichelhaus (13), and Lederer (14) were tried. 
That finally adopted consisted of treating a concentrated solution of sodium 
citrate with bromine, heating to lOO®, and cooling. The clear oil which 
separated was treated nith boiling alcohol and the solution allowed to 
evaporate in the air. Repeated reciystallizations from boiling alcohol 



240 


ABCORBIC AND CITIUC ACIDS 


yielded fine, almost colorless, prism-like needles. When a micro melting 
point deterinination was made upon these crystals, a melting point of 75.5°, 
uncorrected, was obtained, as compared udth the corrected melting point 
of 72.8-75° reported in the literature. Tins substance was dissolved both 
in pyridine and in dioxane and treated with sodium sulfide, and the ab- 
sorption spectrum was compared with those of citric acid solutions treated 
both with sulfur dioxide as a decolorizing agent and with ferrous sulfate 
used in this manner. The curve obtained from a solution prepared by using 
sulfur dioxide as the decolorizing agent and dioxane as the solvent more 
nearly resembled the curve obtained uath the crj'stalline substance than 
did that obtained by any other procedure. 

The method was further checked by comparison ivith results obtained 
by the gravimetric method of Amberg and McClure (7). Animal tissues 
were used as the test substances and very close agreement was obtained 
between the two methods. The micromethod herein described has the 
advantage of taking much less time for a single determination. 

Ascorbic Acid — A combination of the methods of Bessey (15) and Mind- 
lin and Butler (16) was used to determine the ascorbic acid concentration 
in the blood, urine, and tissues. The determinations were made with the 
micro portion of the Evelyn colorimeter. The citrate buffer suggested by 
Bessey was used and the dye was buffered with sodium bicarbonate. The 
tissues were extracted by the method of Bessey. In the micro colorimetric 
method, 0.3 ml. of dye was added to the buffered tissue extract, so that the 
final volume of d 3 'e and extract was 1.1 ml. 

Very little mention has been made in the literature of the care which 
must be exercised in the preparation of the dye solution. Many investiga- 
tors have found that the commercial dye preparation often contains im- 
pm-ities. Unless these impurities are completelj'^ removed, it is impossible 
to get reproducible results. For the determinations reported here we have 
used a dye synthesized by Dr. S. M. Hauge of the Purdue Agricultural 
Experiment Station. Just prior to use, this dye Avas further purified by 
reextraction (preferably for 10 to 18 hours) and treatment of the dye 
solution itself Avith diatomaceous earth. With a solution so treated, close 
checks AAuth standard ascorbic acid solutions AA’ere obtained. The K value 
for this dye AAith Filter 520-M Avas 0.026. 

DISCUSSION 

The findings of the studj'^ are summarized in Tables I and II. The 
ascorbic and citric acid values for the tissues analyzed are recorded in 
Table I and the excretion values in Table II. 

In order that the results might offer better means of comparison, both 
the citric and ascorbic acid figures have been reported in terms of mg. per 
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gm. of body tissue. In this connection it should be noted that the adrenal 
glands of the rats on the sodium and potassium citrate supplements were 
atroplued, which makes the changes per gm. more marked than would be 
the case on the per organ basis. 

There appears to be an inverse relationship between ascorbic and citric 
acid excretion. In most instances the administration of substances which 
caused an increased citric acid output resulted in a decreased ascorbic acid 


Table I 

Effect of Sodium and Potassium Citrate upon Ascorbic and Citric Acid Content of Rat 

Tissues 


The values are averages. Average weight of the animals used, 160 gm. 


Tissues Analyzed 

Acid 

Basal diet <26 
animals) 

Sodium citrate 
(U aoimab), 

20 jn«. per day 

Potassium citrate 
(14 animals), 

20 mg. per day 



ffitr Per gm. 

mg. per gm. 

m;. per gm. 

Liver 

Ascorbic 

0.671 

0.369 

0.149 


Citric 

1.36 

3.45 

3.43 

Adrenals 

Ascorbic 

12.75 

1.21 

7.54 


Citric 

285 

624 

402 

Spleen 

Ascorbic 

0.767 

1.82 

1.75 


Citric 

14.84 

86.10 

113.1 

Kidneys 

i Ascorbic 

i 0.348 

0.471 

0.211 


Citric 

6.72 

76.0 

17.2 

Intestine 

Ascorbic 

! 0.365 

0.522 

0.171 


Citric 

j 2.25 

0.00 

18.0 

Brain 

Ascorbic 

0.434 

0.180 

0.100 


Citric 

2.61 

13.0 

11.1 



mg. per eent 

mg. per cent 

mg. per cent 

Blood 

Ascorbic 

2.9 

2.2 

3.7 


Citric 

1.3 

2.8 

1.1 



mg. per day 

per day 

mg. per day 

Urine 

Aiscorbic 

1-1.5 

0.1-0.2 

0.25-0.5 


Citric 

0.8-1. 2 

12-15 

28-32 


excretion. An increased citric acid content in the tissues of the organs 
analyzed was also found in some cases to be accompanied by a decreased 
ascorbic acid content. On the other hand, when the basal diet was supple- 
mented with ascorbic acid, this was largely or wholly excreted and there 
was a decrease in citric acid excretion. 

This occurred when ascorbic acid was fed in large amounts alone or in 
the form of a laboratory preparation (sjmthetic orange juice. Table II) 
which also contained citric acid and citrates. In the latter case the citric 
acid excretion was not depressed below the normal, but was definitely lower 
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than would be expected from the amount of citric acid and citrates in- 
gested. 

The alkalinity (recognized as a factor in increasing tissue content and 
excretion of citric acid) which is brought about by the feeding of sodium 
and potassium citrates and to a lesser extent by orange juice may have 
operated to decrease the amount of ascorbic acid present in body tissues 
and in the urine. However, the increased citric acid excretion brought 
about by supplementation v'itli citric acid itself was likewise accompanied 


Table II 

Effect of Various Siipplcmcnts upon Citric and Ascorbic Acid Excretion 


No. of 
onimals 


Intfike 

^ Output 

Supplement 

' Ascorbic 
Qcid 

Citric ncid 

Ascorbic 

ftcid 

[ Citric acid 



nr. 

I nr. 

vig.per day 

rnr./>fr day 

16 

None, basal diet only 

1 


1.5 

1.2 

14 

[ Potassium citrate 


11. s 

0.2S 

32.1 

11 

Sodium citrate 


13.0 

0.12 

14.8 

6 

Citric acid 


7.28 

0.68 

7.3 

6 

Ascorbic acid 

23.0 i 


18.0 

0.52 

8 

Orange juice (frozen)* 

5.64 

12. S 

1.26 

1.0 

8 

<< ft if 

5.50 

16.0 

1.32 

7.6 

8 

ft ft ft 

5.60 

24.0 

0.32 

12.8 

8 

ft ff ft 1 

3.40 

32.0 

0.30 

17.6 

8 

Synthetic orange juice i 

23.0 1 

1 

24.09 

3.09 


Ascorbic acid 


34.88 




Citric acid 


7.28 




It citrate 


16.6 

1 



Na citrate 


11.0 




* The citric acid intake was increased by increasing the amount of orange juice 
fed. The same sample of orange juice was used throughout and owing to losses in 
ascorbic acid the increased intake of orange juice did not mean an increase in ascorbic 
acid intake. 

by a decrease in ascorbic acid excretion. Further investigation of the vari- 
ous factors involved is necessary before any conclusions can be reached 
concerning interrelationships between ascorbic and citric acid. 

SUMMARY 

A modification of the Pucher, Sherman, and Vickery micromethod 'for 
citric acid determination is described. 

An investigation of the tissue content and excretion of ascorbic and 
citric acids in the albino rat suggests the existence of an inverse relationship 
betrveen the tissue content and excretion of ascorbic and citric acids. The 
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increase of citric acid in some of the organs and in the urine brought about 
by feeding certain substances was accompanied by a decrease in ascorbic 
acid. On the other hand the feeding of ascorbic acid which was largely 
excreted was accompanied by a decrease in citric acid output. 

We wish to express our gratitude to Hoffman-LaRoche, Inc., for supply- 
ing the ascorbic acid used in this study and to Dr. M. G. Mellon of the 
Department of Chemistry, Purdue University, for assistance in determining 
the absorption spectrum of the pure pentabromoacetone. 
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A MODIFIED ANTIMONY TRICHLORIDE REAGENT FOR THE 
DETERMINATION OF CERTAIN STEROLS AND 
VITAMINS Dj AND Dj* 

Sirs: 


In 1940 a method' was reported from this lahomtory for the spectro- 
photometric determination of vitamins Di and Dj. The new reagent 
developed for this method consisted of the well known antimony tri- 
chloride-chloroform reagent with the addition of acetyl chloride. When 
attempts were made to use this reagent with sterols, the results w'ere un- 
satisfactory in that after the initial period of reaction, during which the 
color developed, the color did not stay constant for any appreciable time, 
as was observed when the acetyl chloride modification of the reagent was 
used with vitamins Dj and Dj. Furthermore, the color change varied from 
one experiment to another. 


The suggestion was made by one of us (C. H. N.) that this difficulty 
might be due to the presence of pentavalent antimony. Accordingly, a 
reducing agent such as metalfic zinc, tin, or antimony was added to the 
solution in an attempt to remove or to reduce the concentration of pen- 
tavalent antimony. When the antimony trichloride reagent containing 
acetyl chloride is treated with any of these metals, a reagent results which 
is satisfactory for the determination of cholesterol and other sterols as 
well as vitamins Di and D,. It develops no color with saturated sterols. 
Sterols with one double bond in Ring B give a yellow color having an 
absorption curve which slopes from the violet toward the red. Sterols 
wite two double bonds in Ring B show a shaUow maximum at 510 to 
m/i, while vitamins Dj and Dj have a pronounced maximum at 500 m/i. 
ti, ® coefficients El?m. at the respective wave-lengths are of 

me touowmg magnitude: sterols with one double bond (500 ma) 2.2 

(provitamins) (515 m^) 7.0, and vitamins 
2 d Dj (500 rail) 1800. Double bonds in the side chain have no influ- 


Uni 'd ® .'grieultural Experiment Station, Kutgers 

1 o ^ ‘ Agncultural Biochenustrj-. 

‘ le , C. H., Russell, W. C., and ZimmerU, A.. J. Biol. Chem., 13S, 73 (1940). 
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ence on the character of tlie absorjition curve or 
extinction coefficient. 

Dcparlmcnl of AgriciiUural Biochcmislry 
New Jersey Agricultural Experiment Station 
and Rutgers University 
New Brunsioick 

Received for publication, February 25, 1943 
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THE OCCURRENCE IN URINE OF A PROTEIN SOLUBLE IN 
TRICHLOROACETIC ACID 


Sirs: 

In the urines of a series of patients with proteinuria, from 4 to 20 per 
cent of the total protein has been found to be not precipitable by trichloro- 
acetic acid. To obtain the non-precipitable protein in approximately pure 
solution the albuminous urine was freed of extractives by 24 hour dialysis 
against tap water. To redissolve precipitated globulin the dial 3 'sis was 
finished against 0.2 per cent NaCl. The precipitable proteins were pre- 
cipitated by 0.25 II trichloroacetic acid and the acid was removed from 
the filtrate by dialysis. That the material left in the solution is a protein, 
and has some of the properties of a globulin, is indicated by the following 
observations. 

1. It is not dialyzable through cellophane (Visking cellulose 27/32 
No Jax). 

2. It is precipitable by heat and acetic acid, and by half saturation with 
ammonium sulfate. 

3. The amount of the protein estimated by the colorimetric biuret 
method* agrees with the amount estimated by the Kjeldahl method as 
6.25 times nitrogen. 

4. Determiiiation of the free amino nitrogen mth nitrous acid^ showed 
4.7 per cent of the total nitrogen in the form of free NH 2 groups in the intact 
protein, and 70 per cent after hydrolysis for 24 hours rvith 6 n HCl. These 
figures are within the range of those found for native proteins.’ 

5. Determination of free a-amino a'cids by the ninhydrin-COj method’ 
gave an entirely negative result before hydrolysis, and showed 75 per cent 
of the nitrogen in the a-amino groups after hydrolysis. This behavior is 
also consistent with that of proteins.’ 

6. When subjected to electrophoresis at pH 8.6 (sodium-veronal buffer) 
in a Tiselius apparatus, the protein migrated with a mobility onlj'. slightly 
lower than 'that of a-l-globulin of human serum, but higher than that of 
the a-2 fraction. 

7. The proteins in the urines of several patients were fractionated elec- 

‘ Hiller, A., Proc. Soc. Exp. Biol, and Med., 24, 385 (1927). 

’ Van Slykc, D. D., J. Biol. Chem., 83, 425 (1929). 

01 > Birchard, F. J., J. Biol. Chem., 16, 539 (1913-14). Van 

olyKc, D. T>., J. Biol. Chem., 12, 295 (1912). 

T., MacFadyen, D. A., and Hamilton, P., J. Biol. 

Chem., 141, 627 (1941). 
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trophoretically. The amounts found in the a-1 -globulin fraction approxi- 
mated the amounts not prccipitablc b}' trichloroacetic acid. 

The presence of this protein ma}'- account for some of the discrepancies 
in protein detei-minations behveen methods involving trichloroacetic acid 
precipitation and methods not involving such precipitation. 

Further observations indicate the presence of this protein or a similar 
one in human plasma. 

The Rockefeller Ijistitutc for Medical Research ^VILl.IA^t W. Ukckmax 

New York .\i,sia IIilleh 

TlIEODOnE SlIEDLOVSKV 

Reginald M. .\RcniDALD‘ 

Received for publication, March 17, 1913 

® Fellow of the National Research Council, Division of Medical Sciences. 




THE ]MECHANISM OF DEAMINATION OF SERINE BY 
BACTERIUM COLI* 


Sirs: 

The possibility of the existence of a metabolic link between phosphatidyl 
serine* and the other phospholipids prompted a study of the action of the 
amino acid deaminase system present in resting suspensions of Bacterium 
colt on the serine phosphatide fraction from beef brain. The preparation 
used had the follonong analytical figures: P 3.57, N 1.69, amino N 1.67, 
amino acid N 1.37, iodine value 72. 

The bacteria, although very active in the deamination of both d- and 
Z'Serine,** failed to attack phosphatidyl serine which contains the hydroxy- 
amino acid in ester linkage via its hydroxyl group. The importance for 
deamination of the free serine hydroxyl group is further borne out by the 
failure of the bacterial enzyme system to act on the following serine deriva- 
tives: l-phosphoserine, dl-O-meihyl serine, dl-O-ethyl serine. (We are highly 
indebted for these substances to Dr. F. Lipmann, Dr. H. E. Carter, and 
Dr, V. du Vign^ud respectively.) 

We find, in agreement with Stephenson and Gale,’ that whereas Bac- 
terium coli deaminates serine under aerobic and anaerobic conditions’ 
alanine is attacked only aerobically. On the basis of the findings outlined 
above, it may be assumed that the deamination of serine and that of alanine 
do not proceed by the same path. It is, moreover, noteworthy that the 
alanine oxidase of Bacterium coli appears to be unable to act on the O-ethers 
and esters of serine. A reaction mechanism that takes into account the 
necessity of the free serine hydroxjd group for the deamination of serine 
could be formulated as follows; 

OHCH,.CH.COOH ~? ~ > CH,=C-COOH > 

1 I 

NH, NH, 


CH,-C-COOH — GHj-CO-COOH + NH, 
NH 


• This work has been supported b 3 ' a grant from the John and Marj- R. Markle 
Foundation. 

‘ Folch, J., and Schneider, H. A., J. Biol. Chem., 137, 51 (1041). 

’ Gale, E. F., and Stephenson, M., Biochem. J., 32, 392 (1938). 

» Stephenson, il., and Gale, E. F., Biochem. J.. 31, 1316 (1937). 
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It has, in agreement with the postulated mechanism, licen possible to 
isolate pyruvic acid as the product of the deamination of serine by Baclerium 
coli. In a typical experiment, 3 gm. of wet bacteria were suspended in 
25 cc. of water and shaken with a small amount of toluene for 5 minutes. 
Following the remo\'al of the toluene, the bacterial suspension was added 
to a solution of 500 mg. of dl-scnne in 25 cc. of 0.1 .m phosphate buffer of 
pH 7.4 and the mixture shaken for 2 horn's at 38°. After centrifugation, 
10 cc. of 30 per cent trichloroacetic acid were added to the supernatant. 
The addition to the filtered solution of 400 mg. of 2,4-dinitrophenyt- 
hydrazine in 50 cc. of 2 n HCl produced the precipitation of 227 mg. of the 
lemon-yellow pyruvic acid 3 ,/i-dinitrophcnylhydrazonc. After two reciys- 
tallizations from ethyl acetate the substance melted with decomposition 
at 215° and showed no depression of the melting point on admixture of an 
autlientic specimen of this hydrazonc. Found, C 40.27, II 3.05, N 20.70; 
calculated for C9H8O6N4 (2G8.2), C 40.30, H 3.01, N 20.89. In parallel 
experiments with dZ-alanine no hydrazonc was precipitated. 

These studies, including experiments with mammalian tissues, are being 
continued and will be presented in detail at a later date. 

Department of Biochemistry Enwix CitAnCAFF 

College of Physicians and Surgeons David 11. Spiun'.son 

Columbia University 
New York 


Received for publicntion, Mnrcii 17, 1913 



A NEW STEROID GLUCUBONIDE FROM HUlvIAN URINE 
Sirs: 

From the urine of a young girl showing masculinism* we have obtained, 
by the Venning method, = a material which is not sodium pregnanediol 
glucuronide (NaPG). The excretion of this material has been followed 
for nearly 3 years at monthly intervals, the amount varying from 0 to 
100 mg. per 24 hours. 

The substance is obtained on recrystallization from 95 per cent alcohol 
as fine white granules, in contrast to the platelets of NaPG. It is more 
difficultly soluble in 95 per cent alcohol than NaPG but more soluble in 
water. It melts with decomposition at 267-269°. Qualitative tests show 
sodium but no nitrogen or sulfur. It does not reduce Benedict’s solution 
until after hydrolysis. By the method of Allen and Viergiver® the amount 
of reduction is the same, within the limit of error, as for NaPG. It gives 
a positive ToUens naphthoresorcinol test for glucuronic acid, differing from 
NaPG in that the aqueous phase has a greenish yellorv color (not fluores- 
cence). In high concentrations the amount of ether-soluble color is far 
less than that given by an equal weight of NaPG, but by the method 
of Maughan ei al.* the amount is only slightly less rvith the low concentra- 
tions employed therein. However, with but 0.6 cc. instead of 2 cc. of water 
and higher concentrations, the Maughan modification shows the same 
markedly lowered color of the ether phase as in the xisual Tollens proce- 
dure. The color of the aqueous phase is the same in either test with any 
concentration so far tried, and is due to the action of the reagents on the 
free steroid. 

We have obtained the free steroid on hydrolysis by the method of Ast- 
wood and Jones.® It is more labile to acid hydrolysis than pregnanediol. 
The Beilstein test for halogen is negative. The steroid is very soluble in 
acetone and methanol, less soluble in toluene, and precipitates from dilute 
alcohol more slowly than pregnanediol. While no procedure thus far has 
been found entirely satisfactorj’, reciy.stallization from toluene has been 
found superior to that from aqueous acetone or aqueous methanol. The 
melting point of the best samples obtained is 212-213° (corrected). The 
material is fully saturated by the Rosenmund-Kuhnhenn procedure, is not 

' 0.150 J. W. of Dr. John \V. Shirer; to be published elsewhere. 

» Venning, E. H., J. Biol. Chem., 119, 473 (1937). 

> Allen, W, M., and Viergiver, E., J. Biot. Chem., 141, 837 (1941). 

' Maughan, G. B., Evclj-n, K. A., and Browne, J. S. I,., J. Biol. Chem.. 126. 567 
(1938). . . on 

‘ -Astwood, E. B., and Jones, G. E. S.,J.’Biol. Chem., 137, 3D7 (1941). 
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precipitated by digitonin, and responds negatively to the Kagi-Miescher® 
test for 17-hydroxyl. It pves a light yellow color in the Liebcrmann- 
Burchard reaction. 'Treatment wth lead tetraacetate^ failed to reveal a 

l, 2-glycol structure on the side chain. On treatment with Girard’s 
Reagent T, the material appears in the ketonic fraction. An acetate, 

m. p. 192-194°, and an o.ximc, m.p. 223-225°, have been prepared. The 
free steroid gives a feeble Zimmermann reaction. O.xidation with chromic 
anhydride in acetic acid, however, yields a product, m.p. 199-200°, that 
gives more color. On examination of the color produced by 50 y in 
the Pincus® modification of the Zimmermann reaction vdth a Coleman 
universal spectrophotometer, the curve of the steroid appears to bo that 
of a 20-ketosteroid, while that of the oxidation product resembles the curve 
of a 3-ketosteroid. Hence, tentative!}’’, it may be said that the original 
steroid possesses an a-OH group at position 3 and a ketone group at 
position 20. 

Further characterization and ultimate analyses ^vill bo reported when 
feasible. 


Department of Physiological Chemistry 
School of Medicine 
University of Pittsburgh 
Pittsburgh 

The Endocrine Laboratory 
Elizabeth Steel Magee Hospital 
Pittsburgh 


Herbeut S. Strickler 
C. Boyd Shaffer 
Donaed a. Wilson 
Evelyn W. Strickler 


Eeceived for publication, March 15, 1943 


' Kagi, H., and Miescher, K., Chem. andind., 6T, 276 (1938). 

’ Criegee, R., Bcr. chem. Gcs., 64, 260 (1931). 

« Pincus, G., and Pearlman, W. H., Endocrinology, 29, 413 (1941). 


DESTRUCTION OF VITAIMIN Bs (PYRIDOXINE) BY LIGHT 

Sits: 

In the course of our investigations of chemical and microbiological 
methods for the determination of pjTidoxine, a marked instabiliW of the 


Deslruction hy lAghl of Pyridoxine in Aqueous Solution 



Irradiallon 


Pyridorine 

Period 

pH 

Type 

Calculated 
from eitiuction 
coeSdentt 

By chenjical 
test 

By microbio- 
logical test 

hn. 



t CC. 

Vfer a. 

-r f<r ce. 

0 

6.8 

Artificialt 

25 

25 

25 

1 

6.8 

<( 

23 

23 


4 

6.8 

<e 

18 

18 


9 

6.8 

« 

12 

12 

14 

20 

6.8 

it 

5 § 

4 


52 

6.8 

** 

0.8§ 

0.3 

0.1 

0 

6.8 

Xaturalll 

25 

25 

25 

12 

6.8 

ft 

17 

17 


24 

6.8 

t( 

13 

13 

13 

36 

6.8 

n 

11 

11 


9 

6.8 

Artificial 

12 

12 

14 

9 

1.0 


24 

24 

22 

9 

13.0 

« 

20| 

11^ 

12 


* The temperature for the artificial irradiation varied from 35-40° and for the 
natural irradiation from 15-20°. Controls in the dark at 90° for 24 hours showed no 
pyridoxine loss. 

t Absorption curves were obtained for aU of the solutions, adjusted to pH 6.80. 
The extinction coefficients were calculated from the values for maximal absorption 
at 324 mji. 

t In the irradiation experiments with artificial light the solutions were exposed in 
an open beaker 8 inches below a 300 watt bulb mounted in a white reflector, 

§ Distorted absorption cun-es were obtained for these solutions owing to the 
presence of decomposition products which also absorbed in the ultraviolet region. 

11 In the irradiation experiments with natural light the solutions were exposed to 
bright diffuse daylight. 

'I This solution showed considerable color development with the 2,6-dichloro- 
quinone chloroimide reagent. However, much of this color was found to be due 
to compounds other than p 3 -ridoxine; correction for this was made according to a 
technique to be described. 

vitamin to light wa.s noted. This phenomenon, also observed by Atkin 
and a.ssociatcs,‘ was investigated quantitatively in the present study by 

' Atkin, L., Schultz, A. S., Williams, M'. tV., and Frey, C. N'., Ind. and Eng. Chem., 
Anal. Ed., IB, 141 (1943). ^ 
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physical, chemical, and microbiological methods of assay. The results 
are given in the accompanying table. 

Rapid destruction by light of the vitamin in neutral and alkaline solu- 
tions is apparent from the values obtained by all three methods. On 
the other hand, little loss of pyridoxinc is observed in 0.1 N hydrochloric 
acid (pH 1,0). 

The spectrophotometric measurements were conducted in solutions 
buffered at pH 6.80 with a Beckman spectrophotometer.- A modifica- 
tion of the chloroimide reaction’ adapted to the E\’elyn photoelectric 
colorimeter was used for the chemical tests. The microbiological pro- 
cedure involved turbidimetric measurement of the growth-stimulating 
property of pyridoxinc on a special strain of yeast; a modification of the 
method of Williams, Eakin, and McMahan^ was used. Details of the 
chemical and microbiological methods will be published shortly. 

The present findings on the instabilitj' of pj'ridoxinc to light have 
important practical applications in assay, nutritional, and chemical 
studies with this vitamin. Since no measurements were made to deter- 
mine the effect of irradiation in the absence of oxygen, it is not certain 
whether the loss is due to light as such or to a photocatalyzed autoxidation. 

Food Research Labo'ralorics, Inc. Melvi.v Hochbero 
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THE OCCURRENCE OF ADBNOSINE-3-TRIPHOSPHATE IN 
AUTOTROPHIC BACTERIA 


By G. A. LePAGE and W. W. UMBREIT 
(from the Department of Agricultural Bacteriology, University of Wisconsin, Madison) 

(Received for publication, February I, 1943) 

The ribose phosphates in the adenosine triphosphates (ATP) of yeast 
and muscle are known to have the phosphates in the 5 position (1). The 
ribose phosphate found in the adenylic acid from yeast nucleie acid was 
shown by Levene and Harris (2) to be a ribose-3-phosphate. Ostern e( al. 
(3-5) have presented evidence that the yeast nucleic acid serves as a store- 
house of nucleotides for the formation of ATP and coenzymes, and that this 
transformation involves a shift of the phosphate from the 3 to the 5 position 
at the adenylic acid stage. 

In a previous paper concerning phosphoiylated esters in autotrophic 
bacteria (6), it was shown that the third phosphate of the ATP occurring in 
these organisms was relatively more sensitive to hydrolysis than is that of 
animal muscle or yeast ATP. The evidence in this paper demonstrates 
that the ATP in the autotrophic organism, Thiobacilhts Ihiooxidans, con- 
tains ribose-3-phosphate. To our knowledge, this is the first time that the 
3-ester has been reported e.visting in nature as the triphosphate. Evidence 
is also presented that this organism is unique in possessing adenosine-3- 
triphosphate, since other representative bacteria examined all contained 
adenosine-5-triphosphate. 

Two implications of this finding are notable; the presence of adenosine- 
3-triphosphate might be related to the “primitive” nature of this organism 
(7), or to the apparently high phosphate bond energies observed (8). 

EXPEniMEN’T.\L 

Ribose-3-phosphate was shown by Levene and Stiller (9) to be hydrolyzed 
(under their conditions) at almost twice the rate observed with ribose 5- 
phosphate. This observation was used as a basis for differentiating be- 
tween the two esters. The entire procedures described have as their pur- 
pose the isolation of the pure ATP or adenylic acid, preparation of pure 
ribose phosphates from these compounds, and determination of position 
of the phosphate by measurement of liydrolysis rate. 

Prcparalwn of ATP Muscle ATP was prepared as the barium salt by 
the method of Needham (10), both from normal rabbit muscle and from 
.animals subjected to magnesium anesthesia (11). The material obtained 
was at least 98 per cent pure on the basis of easily hydrolyzable phosphorus 
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(calculated as the tetrahydrate). riiosphoriis was determined by the 
method of Fiske and Subbarow (12) uitli modifications as described by 
LePage (13). Nitrogen was determined by a mctliod similar to tliat of 
Johnson (14). Nitrogen found, 8.09 per cent; calculated, 8.23 per cent. 
The ratio of casity hydrolj^zablo to total organie phosphorus was 2:3.02 
(calculated 2:3). There was a trace (0.14 per cent) of inorganic pho.s- 
phorus present. 

ATP was obtained from the autotrophic bacterium, Thiobacillus thio- 
oxidans, by a procedure previously described (0) and the material isolated 
by the method of Needham (10). The resulting material had the following 
composition: nitrogen found 8.08 per cent, calculated 8.23 per cent; total 
organic phosphorus found 10.80 per cent, calculated 10.72 per cent; ratio 
of easily h 3 ^drolyzable to total organic phosphoins 2:3.04, calculated 2:3. 

Preparation of Yeast Adaiylic Acid — This comj)Ound was required as a 
source of ribose-3-phosphate. It was isolated from j'cast nucleic acid 
(Eastman) bjf the method of Jones and Perkins (15), the pi'oduct being 
finally converted to the barium salt. The purity was tested bj’’ estimation 
of the N:P ratio; found 70:30.85, calculated 70:31. 

Preparation of Rihose Phosphates — The usual h 3 'drolj'sis for the deter- 
mination of easily hydrol 3 'zablc phosphorus (7 minutes, 1 n HCl, 100°) in 
addition to removing the two labile phosphates from ATP also largely 
destroys the ribose-adenine linkage. Precipitation with barium at pH 8.2 
will remove the inorganic phosphate thus I'olcascd, and addition to this 
filtrate of 4 parts of absolute ethanol will j)recij)itato the ribose phosphates, 
as well as any undecomposed aden 3 ’lic acid, as barium salts. Hence one 
can folloAV the rate of h3'di-olysis of the adeninc-ribose linkage b3' determin- 
ing nitrogen in the barium-soluble, alcohol-precipitable fraction after In'- 
drolysis. Such measurements revealed that a 7 minute h 3 'drol 3 ’sis decom- 
posed 88 per cent of the adenylic acid, and that 10 minutes released the 
adenine completely. This short treatment does not measurabb' affect the 
ribose to phosphate linkage. 

Therefore, to prepare pui’e ribose phosphate, the pure ATP (oi' aden 3 dic 
acid) was h 3 ’drolyzed in 1 n HCl for 10 minutes at 100°. Barium acetate 
was added, and the pH adjusted to 8.2. The samples were left in the 
refrigerator ^ hour, after wliich the precipitate Avas centrifuged out and 
removed. The supernatant fluid was treated with 4 volumes of absolute 
alcohol and held in the refrigerator 1 hour to obtain complete precipitation. 
Each of the precipitates (Ba phosphoriboses) was air-dried and checked for 
presence of aden 3 dic acid by nitrogen anal 3 ’sis. No nitrogen could be de- 
tected in any of the preparations. The dried barium phosphoriboses u’ere 
decomposed in 0.25 n H 2 SO 4 , the barium sulfate removed b 3 ' centrifugation, 
and anatysis carried out on the supernatants for total and inorganic 
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phosphorus. Inorganic phosphorus varied from 1 to 3 per cent of the total 
phosphorus present. Aliquots vere taken and adjusted in each case to 
0.0005 M with respect to organic phosphorus and to the same level in each 
case wth respect to inorganic phosphate (3 per cent of the total phosphate 
present). The latter is necessary' because inorganic phosphate affects the 
hydrolysis rate. The hydrolysis curves were obtained at 100° by taking 
samples for duplicate analyses (inorganic phosphate) at intervals. The 
results are illustrated in Fig. 1, from which it is apparent that the ribose 
phosphate of the autotroph has a hydrolysis rate identical with that ob- 
tained for the ester from yeast adenylic acid (ribose-3-phosphate), and 
significantly different from that obtained for the ester from muscle ATP 
(ribose-5-phosphate) . 



Fio. 1. Hydrolysis of ribose phosphates in O.^S N HiSO< at 100° 


If one is dealing with tissues which are relatively low in hexose diphos- 
phate, it is possible greatly to simplify the procedure for obtaining the 
ribose phosphates. Since bacteria, in general, tend to be low in hexose 
diphosphate, the following procedure was employed in obtaining adenosine 
triphosphates and ribose phosphates from representative species of bacteria. 
The cell extracts were treated with barium at pH 8.2, which precipitates 
the inorganic phosphates, hexose diphosphate, phosphoglyceric aci^, and 
ATP. The ATP was destroyed in a 10 itunute hydrolysis, jdelding ribose 
phosphate, which was then freed of the other compounds b 3 ’’ use of solu- 
bilitj" of the barium salts. However, a part of the hexose diphosphate is 
converted to fructose-6-phosphate by the treatment and will contaminate 
the ribose phosphate. If the original hexose diphosphate content is low, 
this impurity does not significantly interfere with determination of the 
hydrolysis rate. 
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The cells of each species of the bacteria studied were groun in half 
strength nutrient broth with 0.5 per cent glucose (with aeration) for 30 to 
48 hours. They were harvested with the Sharpies supcrccntrifuge, washed 
by suspending in distilled water and recentrifuging, and suspended in a 
solution of 2 per cent glucose 4- 0.5 per cent potassium phosphate at pH 6.8. 
The cells were in each case permitted to ferment 30 minutes, being main- 
tained at pH G.8 by addition of KOH. O’Knnc and Umbreit (16) have 
shown tliat in Slrcptococcus faccalis this markedly increases the adenosine 
triphosphate level. In each case the cells were removed from the glucose- 


TAni.K I 

Hydrolysis of liiiosc Phosphalrs in 0.S5 s Jl-SOt at 100° 


Source of ester 

1 

ro«;ition! 

of 

Percentage of organic 
phosphorus hydro- 
lyretl 

CoTTJposhion of ribosc POi 

Conclusion 
ttgMdins 
position 
of PO* 

I 

phos* 

1 pbatc 

js 

to 

-c 

in 

*o 

1 

i ! 

' 1 

[ fraction 

1 

Yeast adenylic acid — 

3 

28.0 

35.0 

42.8 

47.0 

Pure 

1 

ATP, Thiobacillus thio- \ 







1 

oxidans 


27.5 

34.5 

42.4 

46.2, 

“ 

3 

ATP, rabbit muscle 

5 

14.5 

21.0 

29.2 

33.5I 

if 


“ Escherichia coli . . 


15.6 

1 

1 

20.8 

27.5 

33.2 

90.7% riboso POj 

9.3% fructose-6-PO< 

5 

“ Bacillus sublilis . . 


16. 3| 

21.8 

27.1 

32.3 

88.6% ribosc PO* 

11.4% fnictosc-6-PO< 

5 

1 

" Staphylococcus 








aureus 


II. 6 

16.6 

25.9 

33.9 

90.2% ribosc PO4 

9.8% fructosc-6-POi 

5 

ATP, Pseudomonas flu- 








oTcscens 


14.6 

20.3 

28.0 

33.2 

100% riboso PO4 

5 

ATP, Saccharo7nyccs 





1 



ccrcvisiac (yeast) 


15.5 

21.1 

29.3 

34.2 

100% ■' 

5 


phosphate solution, treated \vith 1 to 2 cc. of acetone, and extracted first 
with 10 per cent trichloroacetic acid, and then with 5 per cent trichloroace- 
tic acid (12 hours in the refrigerator). The extracts were neutralized to 
pH 8.2 and excess of barium acetate added. This precipitates the ATP, 
hexosc diphosphate, phosphogl 3 ^ceric acids, and inorganic phosphates, 
along uith a part of the hexose monophosphates. The fraction was freed 
of the latter bv decomposing the precipitate with a slight e.xcess of sulfuric 
acid and reprecipitating with barium, the supernatant being discarded. 
Each such fraction was now dissolved in 1 x HCl, hydrolyzed 10 minutes 
at 100°, then neutralized to pH 8.2, and excess barium acetate added. The 
onl.y compounds wliich should now go into the barium-soluble fraction are 
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ribose phosphate from the ATP and 28 to 30 per cent of the hexose diphos- 
phate (as fructose-6-phosphate). The barium-soluble compounds were 
precipitated, as barium salts, with alcohol; the precipitates were air-dried 
and analyzed for inorganic phosphorus, total phosphorus, pentose, and 
fructose. Fructose was determined by the method of Roe (17), and pen- 
tose by the method of Meibaiun (18). Further treatment for determina- 
tion of the hydrolysis rate of the esters was identical wth that already 
described for the ribose phosphate from animal muscle ATP. Results of 
hydrolysis of these esters in 0.25 n H5SO4 at 100° are presented in Table I. 
From these data it is apparent that the adenosine triphosphates of the 
species of bacteria studied were all adenosine-5-triphosphate. 

DISCUSSION 

It appears from these data that this autotrophic cell is unique in possess- 
ing adenosine-3-triphosphate. The implication is that either the auto- 
troph has a more primitive metabolic process and is imable to convert 
adenosine-3-p}iosphate to adenosine-5-phosphate, or that it gains some 
advantage of energy transfer by posses-sion of the different ester. Since 
this is the first report of the occurrence of the ester, there is no ground for 
further speculafipn as to its distribution and function. Attention should 
be drawn to the fact that the yeast nucleic acid containing this adenosine- 
3-phosphate does not come from the yeast nucleus, but is derived from the 
“mctachromatic granules” of the cytoplasm (Delaporte and Roukhelman 
(19)) . It should also be emphasized that the ATP found in the autotroph 
did not arise from the nucleic acids of the cytoplasm as a result of the 
chenucal treatments involved in its Isolation, since in that case, adenylic 
acid would have been the product rather than adenosine triphosphate. 

SUMMARY 

Evidence is presented that the adenosine triphosphate present in the 
autotrophic bacterium, Thidbacillus thiooxddans, is adenosine-3-triphos- 
phate; that obtained from muscle, yeast, and a number of representative 
species of bacteria is adenosine-5-triphosphate. 
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A STUDY OF THE BLOOD CONSTITUENTS OF CARP AND 

TROUT* 

By JOHN B. FIELD, C. A. ELVEHJEM, and CHANCEY JUDAY 
(From the Departments of Biochemistry and Zoology, University of Wisconsin, Madison) 

(Received for publication, Januarj- 28, 1943) 

Although the comparative biochemistry of lower vertebrates and in- 
vertebrates has been investigated frequently (1-3), information on the 
larger water animals is relatively meager. In connection ■with a study of 
a specific blood pathology in fish,* we found it necessary to establish the 
normal values for a number of important blood constituents as a basis for 
comparison. By -srtdening the scope of analyses a comprehensive surve}' 
of the blood picture in two fresh water species, carp and trout, has been 
obtained. Several reports by other workers have dealt ■nith individual 
substances in fish blood (4-9) ; however, most of the data included herein 
are being reported for the fimt time. 

EXPERIMENTAL 

Adult carp, Cypriniis carpio, spawned in 1936, and adult brook trout, 
Salvelinus fonlinalis, spawned in 1937, were freshl3" seihed from nearby lakes 
or were obtained from state hatcheiy stocks.* The carp averaged 1350 gm. 
in weight, and the trout 250 gm. Thej' were maintained throughout the 
experimental period in steel tanks of 6 or 8 cu. ft. capacity, supplied bj' 
water from Lake Alendota, Wisconsin. For the most part, the analj-ses 
were completed during the winter months, November, 1941, to March, 
1942, when the temperature of the water approximated 5°. Sufficient 
oxygenation of the water was assured bj' passing compressed air into each 
tank bj’ means of three porous clay bulbs. 

The carp refused food for a short time after they had been received, 
although they later accepted j-ellow com. Several of the trout were regu- 
larlj' fed canned cooked carp, while the remainder abstained from eating. 

.Anesthesia was applied bj' means of an electric shock technique. The 
fish were placed in a narrow, water-filled, wooden trough, 8 inches wide and 
32 inches long, to each end of which an electrode of 5 inch mesh vire screen 
was attached. Bj' means of a step-don'n transformer a potential of 30 

* Published with the approval of the Director of the Wisconsin Agricultural Ex- 
periment Station. This work w.as supported in part bv a grant from ohe Wisconsin 
Alumni Research Foundation. 

■ Field, J. B., Gee, L. L., Elvehjem, C, A., and Juday, C., unpublished e.xpcriments. 

• This project was made possible by the cooperation of the Biologj- Division of the 
Wisconsin Conseiwation Department and its Chief, Dr. Edward Schneberger. 
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volts was applied across the water for 2 minutes to incapacitate the carp. 
The trout were harmlessly anc.sthcfizccl hj’ similar exposure to a potential 
of 80 volts for 2 to 4 second.s. 

Blood samples were withdrawn by lieart jnmeture into a syringe con- 
taining either 0.1 m sodium oxalate or Wintrobe’s solution. Individual 
animals were bled as often as eiglit times witli an over-all fatality of about 
5 per cent. More tlian 100 animals were used for routine blood .sampling. 

Fish blood was found to be somewhat labile and highh’ coagulable. 
Hemolysis occurred readily in carp blood if the sample was permitted to 
stand for only a few minutes before centrifuging. The sample clotted at 
once unless thoroughly mixed with o.xainte or citrate solution as the blood 
was being withdrawn. Blood from the troiit was more resistant both to 
hemolysis and to immediate coagulation. However, by resting recently 
transported carp for at least 2 weeks, these ditlicultias were generally mini- 
mized. Carp plasma appeared characteristically j’cllow, while that of the 
trout was colorless. 

Analyses of the blood of carp and trout included the determinations of 
cell numbers and cellular volumes, pH, the blood proteins, albumin, globu- 
lin, and fibrinogen, non-protein nitrogenous constituents, glucose, and 
vitamins. In addition, analyses of total lipids, total and free cholesterol, 
and inorganic elements were carried out on carp blood. 

Methods 

The above constituents were determined on wliole blood, serum, oxalated 
plasma, or the Folin-^Yu protein-free blood filtrate (10). Most analyses 
were based on accepted methods, with slight modification being required 
for several. All colorimetric methods were adapted for use with the 
Evelyn photoelectric colorimeter. Every assaj' included several standards 
containing known amounts of the substance being determined and most 
analyses were made in duplicate. The applicability of the procedures to 
fish blood was established by recovery exj^eriments and b^' the use of 
alternate chemical procedures. 

Non-protein nitrogen was determined by digesting 0.2 to 0.8 ml. of the 
protein-free filtrate (1:10) with 50 per cent sulfuric acid for 3 minutes, 
completing the oxidation with potassium persulfate, and nesslerizing by 
the method of Johnson (11). Urea was determined by an aeration proce- 
dure (10) and nesslorization as above. Amino acids rvere anab’^zed b3’^ a 
rapid colorimetric method with i5-naphthoquinonesulfonic acid (12). 
Anal.vsis of uric acid (13) u'as carried out both on the laked blood filtrate 
(Table I) and on seium. Aeration into acid ^\•ith subsequent nesslerization 
was used to determine the ammonia (14) content of whole blood samples. 
Fish blood, unlike rat blood, formed a viscous or gelatinous mass on treat- 
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ment uith alkali, which limited the aeration to about 4 minutes. Thus, 
results obtained may be regarded as minimum values. 

Total plasma proteins were determined colorimetrically (15) ; the usual 
factors for total plasma protein, albumin, and globulin were used in conver- 
sion. Fibrinogen was precipitated by treating saline-diluted plasma with 
calcium chloride and measured by a standard colorimetric procedure (16). 
Slightly lower values were obtained in measuring the fibrin clot by a 
gravimetric method (17). Hemoglobin (18), creatinine (10), creatine 
(10), glucose (19), total lipids (20), and total and free cholesterol (21) were 
assayed by standard methods. 

Vitamin A and carotene (22) and vitamin C (23) were determined on the 
plasma. The “carotene” extracted with petroleum ether (Skellysolve B, 
b.p. 66-68°) was not entirely the yellow color associated nith purified 
samples or obtained from bovine blood, but of a pink hue which was un- 
related to hemolysis. An unknown interfering pigment is suggested. 
Nicotinic acid, riboflavin, and pantothenic acid in whole blood were assayed 
by microbiolo^cal methods (24-26). When the blood was extracted nith 
ethyl ether, which apparently removes the effect of certain interfering 
bacterial growth stimulants (27), the riboflavin values were reduced 10 to 
20 per cent, while the values obtained on unextracted blood for pantothenic 
acid were reduced 20 to 30 per cent bj' the extraction. Thus the data on 
these two ^•itamins as given in Table III are probably somewhat too high. 

A survej' of the following inorganic elements was undertaken in carp 
blood, chlorides (28), calcium (29), magnesium (30), inorganic (31) and 
total phosphorus (32), sodium (33), potassium (34), iron,’ manganese (35), 
and inorganic sulfur (36). Since the quantity of blood obtainable from the 
trout was limited, it was impossible to carrj" out the majority of the above 
analyses for inorganic elements on these samples. However, the values 
obtained for several of these substances in trout blood were essentially the 
same as those reported for the blood of carp. 

Results and Comments 

The data i)resented in Table I indicate that although carp and trout arc 
both fresh water teleosts, significant differences in the quantitative distribu- 
tion of certain blood constituents were found. The pH of carp blood was 
unusually high (pH 7 .67), while that for trout blood was approximately the 
same as for rat blood (pH 7.40) and human blood (37) . The blood glucose 
of the carp was extremely variable (Table I) in comparison with the more 
limited range found in trout. Not infrequently the gluco.sc content of the 
carp blood exceeded 200 mg. per cent, confirming a previous observation 
(8). The narrow limits of the blood sugar in trout are similar to the usual 

* McKibbin, J. M., and Elvehjera, C. A., unpublished data. 
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concentrations observed in humans ((37) p. 3 1 8). Great difTcrcnccs be- 
tween the two fish were found in the protein components. Although the 
total plasma protein was only slightly higher in the carp than in the trout, 
the albumin-globulin ratio was 3.6:1 in the carp compared to 2.2:1 in 
trout blood. The fibrinogen content of the fish pla-sma (Table I) ranged 
between 0.20 and 0.26 gm. per cent. The relatively' low fibrinogen content 

Tabld I 

Major Constituents of Blood of Tiro Fresh Water Tcleosts 


These values represent analyses performed on five to nineteen samples. 



Carp 

Trout 

AveraffC 

Ranee 

Avfrafio 

Rao^c 

pH 

7.07 

7.05 - 7.00 

7.33 

7.2S - 

7.37 

Red blood cells, thousands -per 






c.imn 

Stl.5 


1013.9 

740.0 -1552.0 

Mean corpuscular lib, yy 

72 

03 - 7S 

75 

61 - 

82 

“ coll volume, cu./i ... . 

311 

278 -• 340 

314 

2S4 

34S 

tVhito blood cells, thousands per 






c.mm 

3.675 


3.910 

2.105- 

5.3/t 

Hematocrit, 

31.3 


27.2 

22.2 - 

35.8 

Hemoglobin, gm. % ... 

10.5 

9.4 - 12.4 

8.5 

6.2 - 

11.5 

Total plasma protein, gm. %.. 

4.15 

3.25 - 4.75 

3.40 

2.94 - 

4.12 

Albumin, gm. % 

2.82 

2.04 - 3.35 

2.10 

1.74 - 

2.56 

Globulin, “ % 


O.CS - 0.89 

0.93 

O.Sl - 

1.02 

Fibrinogen, gm. % 


0.20 -■ 0.26 

0.22 

0.20 - 

0.24 

Non-protein nitrogen, mg. % , 


26.5 - 36.6 

31.0 

25.4 - 

35.4 

Urea, mg. % 

7.0 

4.7 - 10.3 

5.5 

3.5 - 

7.5 

Uric acid,* mg. % 

2.6 

2.2 - 3.0 

8.6 

7.7 “ 

9.3 

Creatinine, " % . . . 


0.42 - 0.S7 

0.72 

0.51 - 

0.85 

Creatine, mg. % 

2.5S 

2.44 - 2.99 

1.32 

0.86 - 

1.97 

Glucose, “ % 

111.2 

57.3 - 230.0 

70.2 

51.4 - 

111.0 

Total lipids, % 

1.233 

1.04S- 1.400 




“ cholesterol, % 

mm 

0.459- 0.795 



Free “ % 

B 


1 




* The average uric acid content of carp sera was 2.57 mg. per cent (2.2S to 2.72 
mg. per cent). 


of fish plasma and its deficient prothrombin activity (38) make an e.xplana- 
tion of the characteristic rapid clotting power of blood from aquatic species 
highly’- enigmatical. 

The nucleated red blood cell of the carp and trout is exceedingly^ large. 
Its mean cell volume is approximately 310 cu.^u in comparison with 120 cu.p 
for the nucleated red blood cell of chicks (39) and 85 cu.p for the nucleated 
red blood cell of humans (37). Likewise, the mean corpuscular hemoglobin 
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of a fish cell, approximately 73 77 , far exceeds the 28 77 reported as char- 
acteristic of the chick (39), and 29 77 established for human cells (37). 

The noteworthy values which appear to differentiate the nitrogen metab- 
olism of the teleosts from other orders are several; for purposes of com- 
parison the nitrogen distribution in protein-free rat blood is also included 
in Table II. The fish blood contained approximately the same amount of 
non-protein nitrogen as mammalian blood (Table II), but the distribution 
of the various constituents was found to vary with species. In the fish the 
amino acid nitrogen fraction accounted for 58 per cent of the total non- 
protein nitrogen as compared to 39 per cent in the rat. Fish blood con- 
tained approximately 18 mg. per cent of anuno acid nitrogen, as compared 


Table II 

Determination of Non-Protein Nitrogen in Laked Blood Filtrate 
These values represent analyses performed on five to twenty samples. 




Rat* 


Carp 


Trout 


Aver- 

age 

Range 

Aver- 

age 

Range 

Aver- 

age 

Range 


«/. 

Per 

mg. fer cent 

nt, 

per 

mg. per cent 

mt. 

pee 

mi. per cent 

Non-protein N 

eent 

37.0 

34.5 -40.2 

cent 

32.0 

26.5 -36.6 

cent 

31.6 

25.4 -35.4 

Amino acid “ 

14.72 

12.62-16.19 

17.84 

15.20 -20.61 

19.20 

17.95 -20.95 

UreaN.. , . 

12.2 

7.7 -15.8 

3.54 

2.19 - 4.82 

2.57 

1.64 - 4.02 

Creatine N . . . . 

] 0.80 

0.76- 0.85 

0.83 

0.78 - 0.96 

0.42 

0.28 - 0.63 

Creatinine N 

j 0.25 

0.17- 0.31 

0.21 

0.16 - 0.32 

0.27 

0.19 - 0.32 

Drio .acid " 

I 2.47 

2.12- 2.96 

0.87 

0.73 - 1.00 

2.86 

2.56 - 3.10 

Ammonia 

1 0.29 

0.21- 0.39 

0.068 

0.023- 0.106 

0.104 

0.059- 0.300 

Undetermined N 

1 6.27 


8.64 


6.18 



* Stock albino rats receiving a diet consisting of casein 18, yeast 8, Wesson salts 
(40), cod liver oil 2, and dextrin 68. 
t Determined on whole blood. 


to 14 mg. per cent in the rat (Table II), and 5 to 8 mg. per cent in humans 
(37). Conversely, the amount of urea nitrogen, the end-product of pro- 
tein metabolism in these animals, was much less in fish blood compared 
to that of the rat, 2.5 to 3.5 mg. per cent versus 12 mg. per cent, while 
in the human it is even higher (37). Since homeostatic mechanisms 
(readily demonstrable in Mammalia) maintain a surprisingly constant equi- 
librium of the non-protein nitrogen fraction and most of its constituents, 
marked differences between species may express the comparative efficiency 
of their nitrogen metabolism. The non-protein nitrogen level in the blood 
is chiefly determined by the balance between the rate of protein catabo- 
lism, amino acid anabolism, and the excretion of nitrogen by the kidneys. 
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Bald\Yin (1) states that invertebrates excrete amino acids to a verj' great 
extent and suggests that, "the mctal)olic mncliinery of tlic invertebrates 
may be deficient in some way.” 'I’clcosta do not excrete amino acids ( 1 ), 
although it now appeal’s that the amino acid concentration in the blood 
is high. The concentration of urea in the blood is inversely related to 
that of the amino acids (Table II) (1, .37), suggesting that the metabolic 
efficiency in nitrogen conversion incro.ases with the complexity of the spe- 
cies. Ammonia is reported to be the major excrctorj' product of the 
aquatic animal (1). The low amounts both of ammonia and urea in fish 
blood indicate not only that the formation of urea is relatively unimpor- 
tant in the fish but also the ease with which these .species can release the 
normally toxic ammonia into the urine. Variations in the other nitroge- 
nous constituents were relatively minor except that the carp differed from 
the trout in having a significantly lower concentration of uric acid nitrogen 
(Table II), 0.87 mg. per cent in the carp, 2.8G mg. per cent in the trout. 
Trout blood resembled rat blood in this respect (Table II), while the lower 
level in carp is veiy similar to values reported for humans (37). Although 
this may only be a reflection of the purine intake of thc.se animals, a urine 
analj'sis would clarify those results. Moderate altcratioas in the nitro- 
gen constituents of carp blood were apparently induced by the incrc.asing 
temperature of the water as the summer arh’anced.' 

The vitamin content of the fish blood is given in Talile III. Tlie ratio 
of the carotenoid fraction to vitamin .-V in the carp blood was found to be 
approximately 2, '5 : 1 as compared to 2.5 : 1 in trout Idood. 'Die yellow corn 
dictai'y of the carp doubtless accounted for the highly pigmented sera of 
that animal, while the meat regime of the trout would presumabh' supply 
that species with more vitamin A than carotenoids. The amount of free 
vitamin C (reducing the indophenol dye) in trout ))lood wits found to de- 
cline progres.sively dining prolonged periods of fasting until at length no 
vitamin C could be detected in some .samples. Since busted carp did not 
evidence such a change but remained fairly constant throughout, it might 
appear that the carp does not require exogenous t'itamin C, while the 
tiout is dependent on a dietary intake of the idtamin. 

Thiamine, u'hen analyzed by a thiochrome procedure (41), was absent 
from ten individual samples of 10 ml. of carp blood, and also from two 
carefully dried 60 ml. pooled samples. Furthermore, it was found that on 
incubation of carp blood with the synthetic vitamin in vitro, 5 ml. inac- 
th ated 1 to 2 7 . The destruction of thiamine by certain tissues of the 
carp has been previously reported from this laboratory (42). 

Carp blood contained approximately twice the amount of total lipids 
(Table I) present in human blood (37). In the fish, cholesterol accounted 
for more than half of the lipids (Table I), while this fraction is only 25 per 

■* These data, as yet incomplete, will be reported elsewhere. 
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cent of the lipids in human blood (37). Almost one-half of the cholesterol 
in the carp blood exists in the free state (Table I). 

Table III 

Dislribulion of Vitamins in Blood of Carp and Trout 
These samples represent analyses performed on five to fifteen samples. The 
authors are indebted to the following workers for assistance in performing certain 
of the vitamin assays: G. Kitzes, N. S. Lundquist, Xi. E. Carpenter, E. J. Teply, 
and J. M. Mein tire. 



Carp 1 

Trout 


1 Average 

Kingc 

Average 

R&nge 


y ft' 
m ml. 

8.6 

7 fer lOO ml. 

3.2- 15.8 

7 fer 
100 ml. 

17.5 

7 ^cf 100 ml. 

8.8- 32.9 


217 

125 -302 

44 

25-63 


470 " 

260 -670 

230 

0 -800 


SSi 

545 -669 

290 

224 -360 


110 

85 -132 

54 

47 - 61 

Pantothenic acid* (whole blood) 

118 

70 -210 

165 

121 -250 


* Untreated samples analyzed by microbiological methods. When the samples 
were extracted with ethyl ether (27), they yielded lower values. A typical example 
of the assay for pantothenic acid is: unextracted carp blood, 1.14 y per ml. (0.77 to 
2.10), extracted 0.8.3 y per ml. (0.S3 to 1.35); unextracted trout blood, 1.97 y per ml. 
(1.32 to 2.50), extracted 1.65 y per rat. (1.25 to 1.90). The riboflavin values were 
similarly reduced 10 to 20 per cent by extraction. 


Table IV 

Inorganic Constituents of Carp Blood 
These values represent analyses performed on five to ten samples. 



Average 

Rwige 


m[. fer cent 

401 

mg. fer cent 

347 -446 

Calcium (serum) 


9.45 - 14.77 

Magnesium (serum) 

1 3.32 1 

2.52 - 3.88 

Sodium (Bcrum) ' 


292 -316 

17.5 - 26.9 

Potassium (scrum) 

24.6 

“ (whole blood) 

169.5 

154.0 -176.5 

6.79 - 12.10 

37.3 - 60.6 

0.765 - 1.172 
0.016 - 0.033 
0.0058- 0.0072 

Inorganic phosphorus (serum) 

8.60 

Total phosphorus (senun) 


Inorcamc sulfur ** 


Iron (serum) 


Manganese (whole blood) 

— 


The percentage concentrations of the inorganic elements in the blood 
of a fresh water species, the carp (Table IV), are far less than those reported 
for marine forms by Macallum (3). When, however, the ratios of the 
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elements, sodium, potassium, calcium, and magnesium, in the serum are 
recalculated in relation to sodium arbitrarily chosen ns 100 (Na 100, 
K 8.20, Ca 3.83, Mg 1.11) and compared to similar ratios for the marine 
forms ((3) p. 330), there is revealed a striking parallelism between fresh 
water and salt water fish which Macallum would believe “points unmis- 
talceably to a common origin for all.” The quantitative levels of the inor- 
ganic elements in carp blood arc similar to those cstnbli.shcd for human 
blood (37). 

It should be apparent that a “normal” fish is difficult to define. The 
anirnals used in these experiments had been removed from their natural 
labitat and dietary and placed in an artificial, confining environment, and 
subjected either to a limited diet or self-imposed starvation. Furthermore, 
our method of anesthesia, conccivabl}' placing a strain on the animals, 
mig it have induced alterations in the blood picture. However, the deter- 
mination of many constituents in the blood of both anesthetized and un- 
anesthetized animals yielded e.ssontially the same results. Tlic values 
obtained were readily reproducible under thc.se limited or similar condi- 
tions and the ranges were generally restricted. 3'hus, these data probably 
approximate values existing under more natural conditions. 


SU.MMAHV 

(i>alvclinus fontwaUs) were anes- 
thetized by an electric shock technique and blood .sanijiles were withdrawn 
by cardiac puncture. The blood was analyzed for protein, nitrogenous 
constituents, vitamins, and inorganic elenient.s. 

differed from mammalian blood in that 
1 i "hilc the cell volume and the corpuscu- 

tf>tn Bxtieraely liigh; (6) hemoglobin and the plasma pro- 

nmin ’ u-i ^ non-pi'otcin nitrogen fraction consisted mainly' of 

ammonia were low; (rf) total blood lipid and 
cholesterol were unusually high. 

fresh water species, although 
S tb! oU™' important differences. These were the 

creatinp nn!!^vf ratio, the content of hemoglobin, uric acid, and 

eatine, and the distribution of carotene and vitamins A and C. 

sessed th^btlVT Pos- 

sessed the ability to destroy the synthetic vitamin in mtro. 

tions of inverse relationship of the blood concentra- 

basis for a discn^^^' ^ wmis urea and ammonia in several species is the 
a discussion of the comparative efficiency of nitrogen metabolism. 
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HYDROLYSIS OF STARCH AND GLYCOGEN BY’' BLOOD 
AMYTLASE* 

By DANIEL LUZON MORRIS 
[Prom the Putney School, Putney, Vermont) 

(Received for publication, February 11, 1943) 

In all cases previously reported, amj'lases have been shown to hydrolyze 
starch, dextrin, and glycogen at wdelj' different rates (1-3), which are so 
characteristic that they have been used for the identification of the poly- 
saccharides (3). Blood amylase, in sharp contrast to all the others, breaks 
douTi these polj'saccharides at rates that are closely similar. 

EXPEBIMENTAL 

The diastatic activity of blood and plasma has been determined by 
Somogjn’s method (4). This depends on the amount of reducing sugars 
formed b}' a given amount of blood from an excess of starch under given 
conditions. With each blood sample the washed rice starch recommended 
by Somogyi has been compared with other polysaccharide preparations. 
The data in Table I represent mg of sugar formed per 100 cc. of blood in a 
number of typical cases. 

The com glycogen and dextrin were prepared as previousl)' described 
(3). The soluble starch was prepared b 3 ’' Lintner’s method from potato 
starch. Liver glycogen was prepared bj' Somogyi’s method (5) from rabbit 
liver, with a final precipitation from acetic acid (6). In each case reducing 
sugars were determined in the original polj'saccharide solution, as well as 
in the blood, so that the values shown represent sugar actuallj^ formed bj' 
the amj'lases. 

In the calculation of results it was noticed that it is not necessarj' to use 
Somogji’s table of sugar values for the “high alkalinity’’ copper reagent; 
the cun-e for these values is sufficientl 3 ' flat so that the formula, S = 
30.9(r -f 0.26), gives results which agree within about 1 per cent through- 
out the cur\-e. S is the number of mg. of sugar, calculated as glucose; 
V is the number of cc. of 0.005 x thiosulfate solution used; that is, the differ- 
ence between the titrations of the blank and the determination. A further 
simplification is possible if the determination of blood sugar is done sim- 
ultaneousl 3 ' under the conditions recommended b 3 ’ Somog 3 i. In this case 
the diastatic value is 30.9(P ~B) where P and Ji arc respectively the titra- 
tion values for pol 3 -saccharide and blood alone, in cc. of 0.005 x thiosulfate; 

* This paper was presented at the meeting of the American Chemical Society at 
Buffalo, September, 1942. 
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the blank is not required. The calculalions ran bo made quickly on a 
slide rule. 

A sample calculation is the following. Plasma diluted with 1 volume of 
saline was used. The blank determination was 10.52 cc.; the titration of 
plasma alone was 17. G7 cc., while that of plasma with glycogen was 11.39 
cc. Thus the diastase value is 30.9(17.07 — 11.30) or 191 mg. per cent. 
The plasma sugar is 30.9(19.52 — 17.07 + 0.20) or 05 mg. per cent. 
Since the plasma had been diluted, the final values arc twice those given, 


TABi.r, 1 

Diaslalic Activilij of Blood and Plasma 

The data represent niR. of suRnr formed per 100 cc. of blood. 

Animal 

No. 

Sub&lrate | 

Diailasc \ 
value j 

Animal 1 
No. ‘ 

i 

Substrate | 

value 

With rabbit blood 

1 

Rico starch 

251 

s 1 

Rico starch ' 

306 


Corn glycogen 

255 

j 

Corn glycogen 

332 

2 

Rice starcl) 

298 1 

3 

Liver 

336 


Corn glycogen 

338 


Corn “ 

350 

With rabbit plasma 

1 1 

Rice starch j 

316 ' 

' t 1 

Rice starch 

— 


Corn glycogen 

370 ' 


! Soluble starch 


2 1 

Rice starch 

1 350 i 

1 

Corn glycogen 



Corn -starch 

375 



■■ 


Corn glycogen 

1 38S 

i 1 

i ! 

! 

■■ 

With human blood 


Rice starch 

34 





Corn glycogen 

41 





Liver “ 

39 


1 



Dextrin 

36 





or 388 and 130 mg. per cent respective!}'. The use of Somog}'i’s table 
gives 390 and 131 mg. per cent. 

DISCUSSION 

It will be noted that the differences in the hydrolysis rates are at the edge 
of the range of experimental error, but that in every case in which there is 
an appreciable difference, the starch is hydrolyzed more slowly than is the 
glycogen. The differences might be caused by the effect noted bj' both 
Somogyi (4) and Hanes (7), that iodine is held rather persistently by 
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excess starch during titration nith thiosulfate; this sometimes results in 
shot end-points. It may well be that an excess of thiosulfate is required to 
remove the last traces of iodine from the starch. We have found that this 
is definitely true in some starch-iodine mixtures, but it never seems to hap- 
pen with glycogen. If the differences are significant, however, they repre- 
sent a situation shaiply contrasting with that of all the other amylases 
that have been reported, malt, salivaiy, pancreatic, and liver, with all of 
which the starch is broken down much more rapidlj\ 

Glock noticed (2) that human liver amjdase gave results entirely com- 
parable to those with other amj’lases, but that animal liver amylases showed 
much smaller differences in rates. She pointed out, though in a different 
connection, that it was difficult to obtain liver preparations free of blood 
enzymes. It is possible therefore that her results were affected bj*^ blood 
amylase, and that animal liver amylase would behave like the others if it 
were pure. 

It should be noted that Papayanopulos (8) mentions without details the 
fact that it makes no difference whether gl 3 'cogen or starch is used as sub- 
strate in blood diastase determination. 

SUMMARY 

Blood diastase 1ms been shown to differ from all the other amylases so 
far studied in that it hydrolyzes glycogen and starch at nearly the same rate. 

Simplified methods are presented for the calculation of results in Somo- 
gyi’s method for the determination of blood diastase. 
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COMPARISON OF THE LIPOTROPIC EFFECTS OF CHOLINE, 
INOSITOL, AND LIPOCAIC IN RATS 

By GERTRUDE GAVIN,* JEAN M. PATTERSON, and E. W. McHENRY 
(From the School of Hygiene, University of Toronto, Toronto, Canada) 

(Received for pubUcation, January 29, 1943) 

In a preliminarj' communication (1) we repoided that inositol would pre- 
vent the development of that type of fatty liver, characterized by a high 
content of cholesterol, which is produced in rats bj' the administration of 
biotin. The lipotropic action of inositol has been studied with other types 
of fatty livers and has been compared with the effects of two other lipotropic 
agents, choline and lipocaic. 

Methods 

Rats have been employed as test animals. The strain, age, and care have 
been previously described (2) . To diminish the stores of B vitamins and of 
fat, the animals were fed Diet 1 for 3 weeks. During the 4th week the 
diet was varied as indicated for each series, the composition of the diets 
being given in Table I. Vitamin supplements were administered during 
the 4th week in the quantities previously used (4) ; the amoimts of choline, 
lipocaic, and inositol used in each series are given in Tables II and III. 
Estimations of total crude fatty acids and of cholesterol were made by 
methods previously reported (2, 4). Results of these determinations arc 
given as averages for groups of ten animals. 

KXPERIMENTAL 

Hcrics A- — This series was planned to compare the effects of choline, 
lipocaic, and inositol upon fatty livers caused by biotin. Diet 1 was fed 
throughout the experiment. During the .supplemental period all animals 
received thiamine, riboflavin, pyridoxine, nicotinic acid, and calcium panto- 
thenate; choline, biotin, inositol, and lipocaic were administered as in- 
dicated in Table II. 

Senes B — Since the results of Series A had indicated that inositol was 
concerned with cholesterol metabolism, it seemed advisable to test its 
effect upon rats fed cholesterol in a fat-free diet. Diet 1 was given during 
the depletion period and Diet 2 during the 4th week with thiamine, ribo- 
flavin, pyridoxine, nicotinic acid, and calcium pantothenate supplied to all 
animals. In those groups which received choline, an inci-cased amount 
(30 mg. per rat per day) was administered, since Best and Ridout (5) had 

' Dece.osed, November 9, 1942. 
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shown that large doses of choline would partially j)re\’cnt the production of 
fatty livers in rats fed cholesterol. 

Taiim; I 


Coinpostfioti of Diels 


Constituent 

Din 1 j 

Din 2 

bin .' 

Casein, babco, vitaniiii-frcc . 

10 

10 

1 10 

Agar 

2 

2 

2 

Salt mixture (Steenboek-Ncl.son Sall.s-10 (.3)) 

‘1 

■1 

4 

Sucrose 

i Si 

S2 

52 

Cholesterol 

i ” 

2 

2 

Corn oil (Mazda) 

! 0 

0 

30 

Cod liver oil concentrate (Ayerst, McKenna, and 
Harrison) ... 

0.0!5 

i 

j 0.015 

0.015 


TAni.r, II 


Averages for Groups of Ten Rats Obtained during 4tb ItVct of lizpcrimcnt 


Setjcs 

Basal 

din 

No. 

Specinl supplements 

Crude fatty 
acids 

Ctoleslcrol 

Liver 


Liver 

Body 




(■er cent 

(■er cent 

rtS- 

rtf. 

A 

1 

None 

15.3 

5.6 

19 

95 



10 mg. choline 

6.7 

5.7 

12 

102 



5 y biotin, 10 mg. choline 

15.6 

5.9 

37 

93 



5 " “ 10 “ 200 mg. lipocaic 

3.7 

7.8 

4 

121 



5 “ “ 10 “ " 2 mg. inositol 

G.3 

6.S 

13 

102 

B 

2 

None 

24. C 

6.5 

69 

243 

1 


[ 30 mg. choline 

0.1 

7.3 

37 

279 



300 “ lipocaic 

13. S 

6.0 

36 

254 



10 “ inositol 

13.3 

6.9 

27 

298 


i 

1 

30 “ choline, 300 mg. lipocaic 

7.3 

6.1 

30 

225 



30 “ “ 10 “ inositol 

1 3.9 

7.1 

1 IS 

264 

C 

3 

None 

2G.0 

9.5 

72 

205 



30 mg. choline 

11.7 

14.9 

93 

310 



300 “ lipocaic 

20. 0 

10.9 

100 

276 



10 “ inositol 

17.1 

10.6 

56 

264 



30 “ choline, 300 mg. lipocaic 

8.7 

13.0 

71 

215 



30 “ “ 10 “ inositol 

9.1 

14.1 

72 

281 

D 

1 

25 y thiamine 

10.2 

4.3 

15 

142 



25 “ “ 10 mg. choline 

3.1 

4.2 

8 

132 



25 “ “ 10 “ inositol 

9.2 

4.9 

13 

164 


i 

25 “ “ 10 “ choline, 10 mg. inositol 

2.9 

4.2 

7 

138 

— 









Scries C In this case a high fat diet (No. 3) was used during the sup- 
piemental period, so that a comparison could be made with Series B, in 
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which a diet practically devoid of fat was employed. Otherwise, the treat- 
ment of the animals was the same as in Series B, 

Series D — It has been reported premously from this lafaoratorj' that 
choline will prevent fatty livers caused bj’ thiamine (6). This series deals 
with the effect of inositol upon this type of fatty liver. Diet 1 was used 
throughout the experiment; thiamine was the only B vitamin supplement. 

Series E—As Series D had indicated that inositol had no appreciable 
effect upon thiamine fatty livers, its action when administered with several 
other B vitamins was investigated. Diet 1 was employed duiing all 4 
weeks; the supplements used and the results obtained are gi\'en in Table III. 

Table III 

Effect of Inositol in Prevention of Fatty Livers with Various B Vitamins 
Series E on basal Diet 1. 


Special supplements 


Thiamine 

1 + t 

+ 1 

+ 

1 

+ 

+ 

+ 

+ 

4" 

+ 

Riboflavin 

i + 1 


+ 

+ 

+ 

^ + 

+ 

4" 

4- 

Pyridoxine 

1 + 1 

+ 1 

+ 

+ 

4* 

+ 

+ 

+ 

4" 

Nicotinic acid 




1 

+ 

1 + 

+ 

1 + 

4" 

Pantothenic acid. . . 


1 

+ 

1 + 

i 


I + 

+ 

4“ 

Inositol, 10 mg 



+ ! 


+ 


+ 

I 

+ 


Choline, 10 “ 










+ 

Crude fatty acids 











Liver, % 

2.9 

20.4 

12.2 

22.9 

18.5 

15.7 

1 9.4 

25.9 

16.5 

8.4 

Body, % 

2.0 

5.4 

5.9 

6.4 

6.7 

5.1 

j 4.9 

6.8 

7.3 

6.8 


DISCUSSION 

While choline has little effect in preventing biotin fatty livers, as has 
been reported previously (4), both lipocaic and inositol have definite ef- 
fects in preventing increases in both fatty acids and total cholesterol in the 
liver. It should be noted that the dosage of inositol used in Series A was 
small; in similar experiments amounts of 5 to 10 mg. were found to be as 
effective as 200 mg. of the lipocaic preparation. 

^Yhen fatty livers are produced by feeding a fat-free diet containing 
cholesterol, choline, lipocaic, and inositol all have lipotropic action, not 
only with regard to fatty acids but also with regaiti to cholesterol. Under 
these conditions lipocaic or inositol is more effective when fed rUth choline 
than when supplied alone; this is particularly true in the case of inositol. 

In Series A and B an increase in fat was obtained by sj-nthesis. In 
Series C a comparison was made with animals receiving a high fat diet, and 
fatty livers were produced by feeding cholesterol. While choline and ino- 
sitol showed lipotropic action, lipocaic appeared to be entirely ineffective. 
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This observation was confirmed in tiirec other experiments. The lipocaic, 
which was kindly supplied by Dr, Le.stcr Drngstcdf , was a sample of mate- 
rial that had been effective in dcpancroati7;ed dops; its potency for rats was 
proved by the iircv'cntion of biotin fatt}* livers. 

While inositol is without, obvious effect on tliiamino fatty livers, the ad- 
dition of other B vitamins ns supplements enabled ino.sitol to exert ap- 
preciable lipotrojiic action. The dosages of choline and inositol were the 
.same in both Series D and E. It is noteworthy that neither supplement 
maintained liver fat at a normal level in Series E. Apparently the addition 
of other B vitamins diminishes the effect of choline but makes possible .a 
response with inositol. 

It has been pointed out previously from these lalioratorics (7) that there 
are several different types of fatty livei’s. We have little information ns to 
how these livers differ in composition, but they can be distinguished in 
two ways: causative agents, and rc.sponse to lipotropic factom. In de- 
scribing the action of a lipotropic .substance it is c.sscntial, in the light of 
present knowledge, to give the method of production of the particular fatty 
liver used. Reports of inactivity of lipocaic in rats wore due to failure to 
use a suitable type of fatty liver. Even choline has no appreciable effect 
in preventing biotin fatty livci-s. 

A previous, preliminary report by two of us (1 ) stated that cither inositol 
or lipocaic could be used for the prevention of biotin fatty livcre. The 
impression could have been secured easilj' from this report that lipocaic 
owed its activity to inositol; at that time this possibility seemed very likely 
to us. The data now reported show that lipocaic is ineffective with one 
type of fatty liver in rats, while inositol is active. This observation pro- 
vides a means of distinguishing between inositol and lipocaic as lipotropic 
agents and it appears that lipocaic may contain a factor other than choline 
(or choline precursom) or inositol. However, all lipocaic preparations 
examined in these laboratories contained appreciable amounts of inositol. 
It may be that the inositol is present in a compound from which it is set 
free only under certain conditions. Available evidence is not sufficient to 
permit a decision as to whether lipocaic owes its activity to inositol or to an 
unknown constituent. 


SUMMARY 

A comparison of the lipotropic effects of choline, lipocaic, and inositol 
has been made with various tj'pes of fatty livers caused by diet in I'ats. 
Choline is effective for thiamine fatt 3 ’’ livers, and partiallj" effective with 
cholesterol fatty livers, but shows little activity with biotin fatty liveis. 
Against this last type both inositol and lipocaic are active. Lipocaic ap- 
parentlj’- differs from inositol in being ineffective against fatty livers caused 



GAVIK, PATTERSOX, AND MCHENRY 


279 


by feeding cholesterol nith a high fat diet. Inositol shows no activity with 
thiamine fatty livers; the addition of other B vitamins permits inositol to 
be lipotropic. 

This investigation has been assisted by a grant from the Dmsion of 
Natural Sciences of the Rockefeller Foundation. 
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A MICROBIOLOGICAL ASSAY METHOD FOR p-AMINOBENZOIC 

ACID 

By ROY C. THOMPSOX . EDITH R . ISBELL, and HERSCHEL K. MITCHELL 

{Frojii the Biochemical Instiluie atid the Clayton Foundation for Beseavch, 

The University of Texas, Austin) 

(Received for publication, February 22, 1943) 

Since the establishment of p-atninobenzoic acid as a member of the B 
vitamin group, a considerable interest has been shomi in methods of deter- 
mination in natural materials. Since knoivn ehemical methods are not 
sufficiently sensitive, it became evident that microbiological tests should 
be the most practicable. The organism Closlridhim acciobutyliciim has 
been used (1) but no general assay procedure has been presented. Several 
bacterial strains which respond to p-aminobenzoic acid have been investi- 
gated in this laboratorj', but satisfactorj' assay procedures with these organ- 
isms have not yet been devised. 

For the discover}' of the test organism used in the procedure described 
in this paper, we are indebted to Dr. Beadle and Dr. Tatum who kindly 
furnished us with a culture of their p-aminobenzoic acid requiring a mutant 
strain of Neurospom crassa, designated b}' them as. Neurospora crassa p- 
aminobenzoidess No. 1633 (2). This mold wUl grow optimally on a med- 
ium consisting of inorganic salts, ammonium tartrate, sucrose, biotin, and 
p-aminobenzoic acid. For purposes of assay, however, it has proved ad- 
vantageous to supplement this basal medium vith natural extracts which 
are either naturally low in p-aminobenzoic acid or have been treated to re- 
move it. With such a complex medium, the possibility of interference by 
toxic substances or stimulatory’ substances other than p-aminobenzoic acid 
which might be present in samples to be assayed is reduced to a minimum. 

Since the completion of a considerable part of the experimental work 
described in this paper, microbiological assay methods for p-aminobenzoic 
acid have been published by Landy and Dicken (3) utilizing the organism 
Acclohacler siiboxydans and by Lewis (4) using Lactobacillus arabinosus 
17-5. 

EXPEREUENTAt, 

Organism Stock cultures of the organism are canied on slants of the 
same composition as the assay medium except for the addition of 0.05 y of 
p-aminobenzoic acid per tube. In preparing the inoculum for an assay, a 
large loopful of spores is thoroughly dispersed in 1 or 2 ml. of sterile liquid 
agar medium identical in composition with the assay medium except for the 
addition of 5 millimicrograms of p-aminobenzoic acid. This agar medium 
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with suspended spores is poured info n sforile Pefri plate and incubated IG 
hours at 30° and placed in the rofriKemfor until used. In this length of 
time the spores will have germinated and the incipient mycclia, distributed 
uniformly throughout the agar, will he just visible to the unaided eye. 
Blocks of agar cut from this plate are used for inoculating the plates con- 
taining the samidc to he assayed. These inoculum blocks may best be 
removed with the aid of a sterile 8 mm. cork borer fitted with a plunger for 
extniding the block of agar. Care must be taken to secure circular block.s 
of uniform thickness, ns any irregularity in the shape of the inoculum block 
will be reflected in the subsequent growth of the mold. 

Medium — The medium cmjdoycd has the following composition: basal, 
ammonium tartrate 5.0 gm., KII.PO« 1.0 gm., NIbXOi 1.0 gm., IMgSOr 
THjO 0.5 gm., NaCl 0.1 gm., CaCl; 0.1 gm., FcCb 5.0 mg., .sucrose 15 gm., 
biotin 4 7, agar (wn.shed) 20 gm.; supplements, vitamin-free, acid-hydro- 
lyzed, charcoal-treated casein 1.0 gm., enzymatically digested beef liver 
extract 0.5 gm., enzymatically digested beef muscle extmet 0.1 gm., char- 
coal-treated yeast extract 0.1 gm.; water to make 1 liter. The basal me- 
dium is that employed by Tatum and Beadle (2). The preparation of the 
supplements is described below. 

Acid-Hydrohjzcd, Charcoal-Treated Casein — 50 gm. of vitamin-free casein 
(Labco) are mixed with 500 ml. of G n HCl, and the mixture refluxed for 10 
hours. The HCl is then removed bj’ repeated vacinlm distillation, the pH 
adjusted to 3.0, and the volume to 500 ml. 5 gra. of Darco G-60 decoloriz- 
ing charcoal are added; the mixture is shaken 15 minutes, and then filtered 
to remove charcoal. The pH is adjusted to 7.0 and the solution presen'ed 
under toluene. 

Enzymatically Hydrolyzed Beef Liver and Muscle — 10 gm. of finely 
ground fresh beef liver or muscle arc suspended in 50 ml. of acetic acid- 
sodium acetate buffer, pH 4.5, and to this mi.\ture is added 0.1 gm. each 
of the enzyme preparations clarase* and caroid.= The mixture is allowed 
to autolyze under benzene for 24 hours, after which time the benzene is 
removed by steaming and the solids by filtration. 

Charcoal-Treated Yeast Extract~10 gm. of yeast extract (Difeo) arc 
dissolved m 100 ml. of water and the pH adjusted to 3.0. 2 gm. of Darco 
G-dO decolorizing charcoal are added and the mixture shaken 15 minutes. 
Ihe charcoal is then removed by filtration and the pH adjusted to 7.0. 

(?ar— ommercial grades of agar often contain appreciable amounts of 
p ammo enzoic acid and must therefore be thoroughly washed to remove 
lese tiaces. This may be accomplished by dispersing the agar in a large 
voume o istilled water, alloiving it to settle, and decanting the water. 

‘ Takamino Laboratories, Inc., Clifton, New Jersey 
American Ferment Company, Buffalo, New York. 
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Such a procedure repeated fifteen or twenty times over a period of from 
24 to 48 hours is satisfactory. 

The washed agar and supplements are added to the basal medium just 
prior to use. 

Procedure — ^The standard p-aminobenzoic acid solution and solutions 
for analysis are pipetted into test-tubes and diluted when necessary' to 1 ml. 
15 ml. of the hot agar medium are then added to each tube and the tubes 
autoclaved for 15 minutes. Directly' after removal from the autoclave, the 
contents of the tubes are transferred to sterile Petri plates. For this pur- 
pose molded soft glass plates have proved most satisfactory', since the bot- 
toms are uniform, gi\'ing a lay'er of agar of uniform thickness. Most Pywex 
plates are unsatisfactory', since they' are deeper at the edges than in the 
center. When the agar has cooled, an inoculum block is placed upon the 
surface in the center of each plate. The plates are incubated right side up 
(to prevent mold from growing downward) at 30° for approximately’ 20 
hours. Standard plates containing amounts of p-aminobenzoic acid vary- 
ing from 4 to 40 millimicrograms (10“’ gm.) are satisfactory for establishing 
a standard curve. Amounts of the extracts to be assayed must be selected 
by preliminary experiment (or estimate) to contain an amount of p-amino- 
benzoic acid h-ithin the range of the standard cuiv’e. 

Measurement of Response to p-Aminobenzoic Acid — The diameter of the 
mold growth surrounding the inoculum block is measured with calipers and 
is dependent on the amount of p-aminobenzoic acid in the culture plate. 
This growth is quite uniformly circular if care is taken to cut perfect inoc- 
ulum blocks from a culture containing a heavy, uniform distribution of 
spores. This method of measuring the growth response has been found 
to be superior to measuring, by means of a planimeter, the area of the 
colony’, and is in general more convenient than measuring the rate of growth 
along a horizontal tube as was done by’ Beadle and Tatum (5). A ty’pical 
grow'th response curve is shown in Fig. 1 . 

Preparation of Materials for Assay — Materials to be assayed must be 
extracted in such a manner as to make available to the mold all of the p- 
anunobenzoic acid present in the material. As we have indicated in a 
prerious note (G), simple hot water e.xtraction does not release all of the 
p-aminobenzoic acid from liver. The amount of p-aminobenzoic acid ob- 
tained from a sample of beef liver and from beef kidney by various extrac- 
tion procedures is shown in Table I. The partial destruction of pure p- 
aminobenzoic acid by the hydroh'sis procedures is also demonstrated. In 
experiments not described it is indicated that this destruction also occurs 
in the presence of tissue samples to about the same extent as in the pure 
solution. Since hydrolysis with 6 x H:SO< produces a maximum yield of 
p-aminobenzoic acid in spite of this destruction, averaging about 15 per cent, 
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the following procedure for the prepnnition of f-'amplcs wns adopted. Tlie 
sample’ to be hj’drolyzcd is rincl 3 ’ ground and o ml. of G N sulfuric acid added 
per gm. of material. Tlii.‘) mi.vture i.s autoclaved for 1 hour at 15 pound.'; 
pres.suro and the sulfuric acid (hen nearly neutralized with barium car- 
bonate. The precipitated barium .‘lulfate and the undigc-stcd material are 
removed by filtintion and (he pll adjusted to neutrality with ammonium 



MILLIMICROGRAMS OF P-AMINOBENZOIC ACID 
Fia. 1. A typical mold growth curve 

Table I 

Effect of Acid and Alkali on p-Aminobcnzoic Acid 


All sample.? were autoclaved under 15 pounds pressure tor 1 hour. 



6nHiSOi 

5 N NaOn 

1 N N.iOH 

O.I N N'aOH 

Beef kidney, y per am 

" liver, y '• “ 

2.4 

2.1 

S3 

0.75 

0.80 

0.60 

SS 

0.50 

85 

p-Aminobenzoic acid (0.4 y per ml.), % rc- i 
cohered [ 



hj^'droxide. Neutralization of the sulfuric acid rvith sodium hj^droxide or 
ammonium h3;’droxide is not permissible, as excessive amounts of salt are 
toxic. 

Specificiiy of Assay Method — That the mold responds specifically to the 
p-aminobenzoic acid content of the samples being assayed is indicated b 3 ’' 
the^ general parallelism of response to natural materials and to pure p- 
ammobenzoic acid. Beadle and Tatum have tested a large number of 

’ Usually 1 to 5 gm. 




THOMPSON, ISBEHH, AND MITCHELL 


285 


compounds structurally related to p-aminobenzoic acid, and in no cases 
have these compounds shown more than a fraction of a per cent of the 
activity of p-aminobenzoic acid (5). We have tested the acetyl derivative 
and the amide of p-aminobenzoic acid, and also p-nitrobenzoic acid. Of 
these compounds, only the amide possessed appreciable activity, being 
three-hundredths as active as p-aminobenzoic acid. This activity is prob- 
ably best interpreted as being due to hydrolj'sis effected by the mold. 

p-Aminobenzoic acid added to natural materials after acid hydrolysis is 
accounted for in the assay with an average error of ± 10 per cent. 

Application of Assay Method to Nalural Materials — A variety of natural 
materials has been assayed and the results are shown in Table II. The 
samples were extracted by acid hydrolysis in the manner described above, 
and also by steaming for 15 minutes, in an effort to differentiate between the 


Table II 

p-Aminobemoic Acid Content of Nalural Materials 
The results are given in micrograras per gm. of moist tissue. 


Sample 

Acid 

hydrolysis 

Hot HsO 
extraction 

Per cent 
“bound” 

Sample 

Acid 

hydrolysis 

Hot HiO 
extraction 

Per cent 
“bound” 


0.22 

0.08 

64 

Pork 

0.8 

0.3 

63 

Potatoes 

0.36 

0.34 

6 

Beef liver...-. 

2.5 

0.2 

92 

Spinach 

0.6 

0.12 

80 

“ muscle. . 

0.64 

0.3 

53 

Yeast cake 

4.0 

3.6 

10 

Rat brain 

0.7 

0.14 

80 

Milk 

0.1 

0.08 

20 

“ kidney. . . 

1.8 

0.13 

93 

Sweet potato.. 

0.12 

0.11 

8 

“ heart 

1.35 

0.15 

89 

Egg (whole) . . . 

0.4 

0.07 

83 

“ blood... 

0.27 

0.06 

78 

Molasses 

0.32 

0.2 

38 

“ muscle... 

1.7 

0.15 

91 

Wheat germ.. . 

1.8 

0.5 

72 

Urine 

0.5 

<0.02 


Whole wheat. . 

0.6 

0.25 

58 






“bound” and “unbound” p-aminobenzoic acid. As will be obseri'ed, the 
various tissues differ nidely in the fraction of p-aminobenzoic acid which 
is water-extractable. 


DISCUSSION 

The assay method here presented is applicable to a vide variety of 
materials with a reproducibility of results of ± 15 per cent. The method of 
measurement of response to p-aminobenzoic acid is probably not capable 
of the precision obtainable in the turbidimetric or titrimetric determination 
of bacterial growth, since the diameter and regularity of the mold groivth 
are affected by such factors as irregularity in the shape of the inoculum 
block and irregularity in the surface of the Petri plate. The method has, 
however, some unique features which more than compensate for the sources 
of deidation in assay values mentioned above. It is more rapid than any 
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test for 7 >-aininol)enzoic ncid yet piiblisliod, since it requires only n 20 hour 
growth period. As the growtli period i.s .short nnd the medium relatively 
acidic, difiic\ilties due to contamination are not encountered. The time 
required for setting ujj an ns.say is somewhat longer than for a bacterial 
test but the determination of the amount of growth is much more rapid. 

The use of this completelj' different type of organism is a distinct ad- 
vantage for the purpose of comparison of nss.ay methods. 

An unusually high degree of spccificit j' Ims been obtained in this method 
by supplementation of the medium with enzyme hydrolysates of liver and 
muscle tissues. Such c.vtracts contain considerable quantities of knomi 
and undoubtedly of unknown growth-promoting .substancc.s but can be 
used directly in this test because the p-nminobcnzoic acid present is bound 
in such a form that it is not utilized b}' the organism or released bj’ enzy- 
matic hydrolj’'sis. 

The question of c.vtraction of p-aminobenzoic acid from natural mate- 
rials involves certain difficulties which have yet to be eliminated. We have 
found conditions which give a maximum yield with respect to acidic hj'drol- 
ysis and to clarase and caroid hydrolysis. Tlicrc is, however, some destruc- 
tion of the released p-aminobonzoic acid during this process amounting 
to about 15 per cent of tlie total present. Compared to tlie increase in 
yield of hydrolysis with 6 n acid over other treatments, this loss in activity 
by destruction is not particularly significant. 

The last column in Table II lists the approximate per cent of the p- 
aminobenzoic acid content of various substances which is bound. It is 
perhaps significant that this percentage is high for most animal tissues, the 
lowest being beef muscle, 53 per cent, and tlie aA’crage on eight tissues 
being 79.9 per cent. On the other hand ten miscellaneous substances 
mostly of plant origin averaged 44 per cent bound. 

At the present it is not possible to compare the results obtained by this 
method ■with those of Land}-^ and Dicken (3) nnd Lews (4), since samples 
for assay have not been prepared in the same way. Such a comparison of 
a three methods on the same samples is now in progress in this ]aborator 3 ^ 

SUMRIAHY 

1. A raicrobiolo^cal test of high specificity for the determination of 
p-amnobenzoic acid in biological materials is described. The organism 
used IS a mutant strain of the mold Neurospora a-assa produced by Tatum 

method is rapid and the results reproducible. 

2. A procedure for the hydrolysis of “bound” p-aminobenzoic acid is 
described and its limitations discussed. 

, P'B-miiiobenzoic acid content of a number of natural materials 

has been determined and values on the amounts bound and unbound are 
mcluded. 
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STUDIES ON PITUITARY LACTOGENIC HORMONE 
DC, THE CONTEXT OF SULFUR AMIXO ACID* 

Br CHOH HAO LI 

[From the Institute of Experimental Biology, University of California, Berkeley) 
(Received for publication, Januar}' 21, 1943) 

This paper gives the cystine and methionine content of the pituitarj' 
lactogenic hormone as determined by Baemstein’s method (1). The 
methionine content was also estimated bj' the method of McCarthy and 
Sullivan (2). From these data the sulfur distribution in the hormone is 
computed. 


EXPERIjrENTAI, 

The Kassell and Brand modifications of Baemstein’s apparatus (3) were 
adopted with the exception that no mercurj' seal was used between the 
digestion flask and condenser. 

The colorimetric method of McCarthy and Sullivan (2) was also applied 
for the determination of methionine. The IClett-Summerson photoelectric 
colorimeter ndth a No. 54 filter was used. 

Hormone preparations from both beef and sheep pituitaries were made by 
the method recentlj- described (4). A preparation from beef pituitarj' 
(No. L388B) was also kindly furnished by Dr. W. R. Lyons. Each prep- 
aration behaved as a homogeneous protein in the Tiselius electrophoresis 
apparatus and had a potency of 25 to 30 i.u. per mg. 

Results 

Table I summarizes the data obtained by the Baemstein method. The 
correction factors of Kassell and Brand were used in calculating the cystine 
and methionine content. Since no cysteine is present in the lactogenic 
hormone (5, 6), the diiodatc titration in the HI digest ^ves the C 3 'stine 
content, ^^^lite, Bonsnes, and lA)ng (7) found that the hormone contains 
3.30 per cent c^’stine, while Fraenkel-Conrat (6) obtained a tower value, 
3.0 per cent. The c\-.stine content given in Table I is 3.11 per cent. Since 
lactogenic hormones were prepared by different methods and since the 
methods of anah'sis were not the same, the cystine values obtained by 
^Vllite cl ah, Fraenkel-Conrat, and the present author should be considered 
.satisfactorj'. 

* Aided by Rraiits from the Research Board of the University of California and 
from the Rockefeller Foundation. 
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In all cxperimcnla, the Kulfaf e pnlfiir content was found to be negligible. 
The methionine content n.a found by the volatile iodide and homocysteine 
methods is almost identical and is in fair agreement with that obtained 
by the colorimetric method (see Table I). 

If we take '1.31 and 3.11 per cent ns the methionine and cy.stinc content 
respectively, the total sulfur iti the hormone is computed to be 1.76 per 
cent. It may be recalled that the sulfur content is 1.79 per cent ns deter- 
mined by the Carius method (S). Thus, the total sulfur in the lactogenic 
hormone is accounted for within the limit.s of error. 


Tatu.k I 


and C'jstinf Content of Lactogenic Hormone 


^fcth^onInf 


Preparaiion No.* j 

1 

Amount u5Cfl 


mt. 

L1214HS 

M5..3 

U214HS 

151.4 

L1219HS j 

149.8 

U222HB 1 

152.9 

L381B 

124.2 

L1214HS 

120. 0 

L1219HS 

184.0 

L38SB 

90.0 

Average 

“ corrected 


( 

Cytlir.c 

Volatile i<vli(!c 
methocl 

meinoti 

Color imclfic 
method 

ftr <ml 

cm 

fee cml 

fer (cnt 

4.21 

3.00 


3.21 

4.03 

3.G3 


2.S2 


4.32 


3.00 

3.77 

3.70 


3.10 

3.85 

3.90 

4.00 

3.0S 



4.18 




4,20 


3.98 

3. 89 

4.13 

3.04 

4.25 

4.30 


3.11 


* S denotes a preparation isolated from sheep pitiiitaries, whereas B was from 
beef glands. 


^ Grateful acknowledgement is made to Carolyn F. White for her assistance 
m these determinations. The author also wishes to express his gratitude to 

1 . Heibei’t M. Evans for the encouragement received during the in- 
vestigation. 


SUMMAnV 


1 he methionine and cystine content of the pituitary lactogenic hormone 
has been determined by the Baemstein method and found to be 4.31 and 
I rcspectivelj\ The methionine content has also been checked 

by the colorimetric method of McCarthy and Sullivan. Within the 

imits of error, methionine and cystine contents account for the total sul- 
lur in i.np nAVTYirvY^rt 
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A QUANTITATIVE METHOD FOR THE DETERMINATION OF 
SODIUM PENTOTHAL IN BLOOD 

By L. M. HELUIAN, L. B. SHBTTLES, and HERBERT STRAN 

(From the Department of Obstetrics, ihe Johns Hopkins University and Hospital, 

Baltimore) 

(Received for publication, January 25, 1943) 

The knotvn methods for the analysis of barbiturates in blood, in which 
the Koppanyi (3) colorimetric reaction is employed, have not proved gen- 
erally satisfactory for the quantitative determination of the thiobarbitu- 
rates. Delmonico (2), after sbghtly modifying the Koppanyi technique, 
reported excellent recoveries of known amounts of pentothal. He, further- 
more, stated that this substance appeared to have a cyclic appearance in 
the blood following a single injection. Anderson and Essex (1) were unable 
to obtain accurate recoveries wth Delmonico’s method; however, employ- 
ing slight modifications of the Lcywy (4) extraction technique, they felt 
that they more or less confirmed the assertion of Delmonico regarding the 
cj’clic variation of concentration of barbiturate in the blood. In their 
experience Le%'A'}"’s method had a 20 per cent error, even after the 8 hours 
of extraction. In our own hands it has proved to be even less accurate for 
those blood pentothal levels commonly found in anesthetized humans. 
When the extraction difficulties are discounted, the Koppan 5 d technique 
is still faced ndth two great sources of error. In the first place, the pink 
color obtained bj" the reaction of malonylurea, isopropylamine, and cobalt 
is difficult to read and transient in nature. Even the use of a photoelectric 
colorimeter does not entirely obviate this difficulty. In addition, in all of 
the methods mentioned above charcoal is employed to clear the extracts. 
The definite and significant adsorption of barbiturate by even small amounts 
of charcoal seems to have been ignored as a source of error. Then, too, the 
Koppanyi reaction is a general one applicable to the entire barbiturate 
series and not specific for any one compound. 

In the process of conducting a series of studies on the transmission 
through the human placenta of one barbiturate, sodium ethyl (1-methyl- 
butyl)thiobarbiturate (sodium pentothal), it therefore became necessarj' to 
discover a method which obviated the errors in the known methods of 
analysis. With the ultraviolet absorption technique it was found that 
pentothal acid in ether demonstrated a maximum absorption at 2880 A. 
With a quartz monochromator set for 2880 to 2900 A., with inlet and exit 
slits at 0.5 mm., it was possible to obtain numerical values for varj'ing con- 
centrations of pentothal, these being read by means of an ultraviolet- 
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.sensitive cell and Ralvanometer. 'I’lic values thus obtained fall into the 
logarithmic curve shown in Fig. I. No other barbiturate’ tested gave any 
.significant absorption in the concentrations emjiloycd. 

Extractions were carried out on whole blood n.s follows: 25 to 30 cc. of 
venous blood were decalciricd with O.-l gin. of .sodium citrate. Of this, 20 
cc. were put in a 250 cc. sejiaratory funnel and 2 cc. of a solution of cry.stal- 
line sodium dihydrogon jiliosphate (I gm. per cc.) were added. This mix- 



X+.35 mg/ioo ml. 

Fig. 1. Per cent transmission of ultraviolet light by vnrj’ing concentrations of 
pcntothal acid in ether (logarithmic curve). The center line is the line fitted to the 
data on a log scale and is represented by the formula 1' = 75.02 - 54.S0 log (A' + 
0.35).^ Lines parallel to and on cither side of this line arc plotted at a distance of 
2<r (<r) ■ AT = 1.43) from this line and encompass 05 per cent of the variations about 
the fitted line. 

tuie was thoroughly'^ shaken and allowed to stand for at least 15 minutes. 
Foui extractions were then carried out with technical ethyl ether as follows : 
100, 50, 25, and 25 cc. The mixture was allowed to settle each time and 
then decanted into another 250 cc. separately funnel. The color of the 
extract is y'ellow-brown and must be cleared by washing three times with 
5 cc. of 0.5 M sodium bicarbonate, care being taken to allow for complete 

Barbital, sodium amytal, dial, sodium phenobarbital, nembutal, and evipal. 
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separation. The ether extract is now a very pale yellow color. It is 
filtered through ordinary filter paper into 500 cc. beakers and evaporated 
slowly over a water bath to approximately 35 cc. It is then transferred to 
50 cc. volumetric flasks and made up to volume -with ether. The results 
are read against a blank extract of normal blood. The blank is first read 
against ether and then adjusted to 100 per cent transmission by means of 
a vernier resistance in series with the galvanometer. The final reading 
must be multiplied by 2.5 to correct for the dilution. The entire extraction 
is quite rapid and simple, but great care must be exercised to have abso- 
lutely clean glassware. In addition, the evaporation of the ether extract 
must be carried out slowly and not allowed to proceed too far toward dry- 
ness. Furthermore, as ordinary stop-cock grease will absorb ultraviolet 


Tabce I 

Per Cent Tranamisaion of Ultraviolet Light by Blood Extracts Read against Ether 


Same bank blood 

Diffnent fresh bloods 

82 

83 

83 

82.5 

83 

82 

82 

84.5 

83 

85 

83 

83 

83 ■ 

82 

82 

83.5 

84 

86 

83 

83 

Mean 83.0 

83.4 

Standard deviation. ..±0.99 

±1.03 


light in the range used, it is necessarj' to employ a mixture of glycerol and 
bentonite, insoluble in both ether and water. 

Table I shows the per cent transmission of extracts of fresh and bank 
blood read against ether. The first column shows ten determinations on 
the same bank blood, while the second column shows an equal number of 
determinations on extracts of fresh blood for different normal individuals. 
It is worth noting that there is extremely little variation in the readings of 
the blanks. 

Table II shows recoveries of varying known concentrations of pentothal 
m bank blood. In only one set of determinations is there any larger error. 
In this one an extremely small amount of pentothal was added. 

_ Fig. 2 shows the sodium pentothal concentration in a patient anesthe- 
tized for a short period of time for a minor operative procedure. Owing to 






DCTrUMlNATION OF SODIUM I’KNTOTIIAI, 


2<J6 



Fia.2. Blood pcntotlml concent riition oirvc (n\K. per 100 re. of blood) in the course 
of nnesthesin for dilntntion find curettnpc of tlip uterus. .A.s shou'n, .n totnl of 0.66 
gm. of sodium pcntotlml wn.s rulmini.stcred intriwcnously. 

TAjii.r, 11 

Per Cent Recovery of /uioicn Ainounfft of Sodtuni PenMhal Added lo Sank Blood 


Transmission (blank at 100 pet cent) 

Dctemiinations [ Mean 

1 

Recoverc*! ( 

Aildfd 

Kccovrted 

ftr ceni 

39.6 ] 


ttr cent j 

tHf. fer etnt 

j 

nr. ftr «nl 

ftr ttnt 

40.9 

39.0 

53.0 I 


39.8 

10.5 

10.15 

103 

52.5 
54.0 ] 
54.0 1 


53 

5.3 

4.8 

i 

1 

no 

54.0 

53.0 

76.0 

> 

1 

53.7 

i 

5.1 

4.85 

105 

76.0 
76.0 
70 1 

! 

j 

76.0 

1.50 

1.82 

i 

82.4 

66 

70 

71 

74 ' 


69.0 

2.10 

1.94 

lOS.O 

72 

72 

72 

80 


72.5 

1.87 

1.94 

96.3 

79 

80 

76 


78.7 

1.25 

1.8S 

1 

66.4 
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the intemittent method of admomstering pentothal for anesthesia, the 
contention of Delmonico that the substance appears in the blood in cj'clic 
variations of concentration has not been tested. 

In conclusion, a simple method of detenniinng the blood concentration 
of sodium pentothal has been described. This method makes use of the 
fact that this particular barbiturate exhibits a maximum absorption of 
uItra\iolet light at 2880 A. The method gives approximately 90 per cent 
recovery when tested against known amounts of pentothal added to bank 
blood. 
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OBSERVATIONS ON TRYPTOPHANE DEFICIENCY IN RATS 

CHEMICAL AND MORPHOLOGICAL CHANGES IN THE BLOOD* 

Bt ANTHONYA. ALBANESE. L. EMMETTHOLT, Jh., CHARLOTTE N. KAJDI, 
AND JANE E. FRANKSTON 

(From the Harriet Lane Home 0 / the Johns HopMns Hospital, and the Department of 
Pediatrics, the Johns Hopkiris University, Baltimore) 

(Received for publication, January 15, 1943) 

The failure of a tryptophane-deficient diet to support growth in animals 
is a well established fact, but relatively few reports (1-5) have dealt with 
the pathological changes in this condition. In a recent study (6, 7)* some 
of us have confirmed and extended the information on this subject. The 
present report describes our observations on the morphology and chemistry 
of the blood in tryptophane-deficient rats, particular attention being paid 
to the nitrogenous constituents of the blood. 

Observations in the literature have not settled the question of the rdle of 
tryptophane in the construction of plasma proteins and of hemoglobin. 
In dogs rendered hypoproteinemic by plasmapheresis, Madden el al. (8) 
obtained some evidence of the value of tryptophane; the addition of this 
amino acid to a basal diet supplemented by gelatin and cystine caused an 
increase in plasma protein regeneration. Experiments by Whipple and 
his collaborators (9) and by Weech and his associates (10) have shown that 
proteins such as zein and gelatin which are lacking in tryptophane fail to 
bring about an increase in plasma protein in hypoproteinemic animals. 
We have not foxmd data on the state of the serum proteins in experimental 
animals with tryptophane deficiency. Observations on the non-protein 
nitrogen and serum proteins made in this laboratory on four human sub- 
jects who ingested a tryptophane-deficient diet for periods of 2 to 5 weeks 
failed to show significant changes within that time. 

A number of reports deal with the relation between tryptophane and 
the formation of red cells and hemoglobin. In various experimental 
anemias in dogs and rabbits, notably the anemia produced by phenyl- 
hydrazine, Hirasawa (11) reported that tryptophane would accelerate 
recovery and cause a prompt reduction in the reticulocytosis seen in anemia 
caused by phenylhydrazine. These observations have been confirmed by 
Okagawa and Tatsui (12), by Hamada (13), and by Chin (14). Conflicting 

Aided by grants from the Rockefeller Foundation, Merck and Company, Inc., 
and E. R. Squibb and Sons. 

' Albancse, A. A., Follis, R. H., Jr., Buschke, W. H., and Holt, L. E., Jr., un- 
puhhahed data. . , . 
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data are reported in regard to tlio efiieaey of {r}'i)toplinnc in the nutritional 
anemia prodviced in rata hy milk feeding. Dral>kin and Miller (15) ob- 
tained positive re.aponse.s, vliieh Keil ai\d Nelson (10) and Alcock (17) 
were not able to confinn. I’ost hemorrhagic anemia h.as been studied in 
rabbits and dogs (18-20). Whipple and Hobscheit-Robbin.s who carried 
out the most careful studie.s along this line obtainiai poritivc respon.«cs with 
a large number of amino acids, inehuling lr>-pto[)lmne, but the results with 
this amino acid were not as .striking as with sevenil others tried. 

A few obsemitions have been made on the blood in experimental trj-pto- 
phane deficiency. Fontes and Thivolle (21) produced (lecrea-ses in hemo- 
globin and red cells in a small mnnber of rats. .Alcock (17) placed nine rat? 
on a tryptophane-deficient diet, but obser\'ed .'inemia in only two of them; 
.since he was able to cure milk anemia in other animals by .a fn’ptoph.anc- 
dcficicnt diet, he concluded that tiyptojihane deficiency did not Ic.ad to 
anemia. Hamada (13) and Chin (M), however, observed anemia in rats 
on a tryptophane-deficient diet, a return to normal blood values being 
brought about by tryptophane or metlnd tryiitophane (M) but not by 
indolepyruvic acid. In our human subjects on a tryptophane-deficient 
diet referred to above, ob.sorvat ions on the blood- failed to show any signifi- 
cant alteration.s during the e.xporimenlal period. 

It would appear then from a review of the literature that the need of 
tryptophane in plasma protein formation has some sound basis, but the 
importance of this amino acid in hemoglobin formation i.s by no means 
clear. There is imjirc.ssive evidence (22) that the body can .symthesize 
the pyrrole nucleus and does not reepure pyrrole compounds in the diet. 
But although the hematin portion of the molecule may bo constructed from 
simple building stones, the production of hemoglobin as a whole is limited 
by the protein intake (23). Whether under certain conditions the limiting 
factor is try'^ptophane remains to be conelusively demonstrated. 


EXPERIMENT.VL 

Animals Our observations were made on forty rats from a hy'brid 
colony of albino and hooded Norwegian rats that has been in use in this 
laboratory for some ymars. Fourteen of these animals were controls fed 
upon the stock diet ad lihiium. Sixteen animals were on a tiyptophane- 
ree diet; in some instances this was later supplemented with tryptophane. 
The remaining ten animals were controls wduch received a tryptophane- 
deficient diet plus tiyptophane, their food intake being limited to the 
quantities consumed by analogous rats on the deficient diet. 

lets The stock diet consisted of yellow ground corn 57.0 gm., whole 
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milk powder 25.0, linseed oil meal 12.0, crude casein 3.7, alfalfa meal 1.5, 
sodium chloride 0.4, and calcium carbonate 0.4. Large rats (250 gm. and 
over) consumed 10 to 15 gm. of this mixture per day. 

The composition of the deficient diet was as follows: protein (acid- 
hydrotyzed casein concentrate’) 147 gm., Z-cj'stine 1.5, sucrose 150, starch 
420, Crisco 190, salt mixture* 20, brewers’ yeast (Mead Johnson) 42.7, 
cod liver oil substitute (Mead Johnson) 50, agar 20, and water to make up 
the proper consistency. The control diet was prepared by supplementing 
the above mixture with 2.25 gm. of Mrj'ptophane. 

Animals on the deficient and the control diet were kept in individual 
cages which, however, were not designed in such a way as to prevent 
coprophag}-. 

Colleclim of Blood Samples — ^These were obtained in ail instances by 
heart puncture, from 1.0 to 2.5 ml. being obtained at one time. This was 
ejected into a 5 ml. centrifuge tube containing lithium oxalate and shaken 
vigorously. After removal of samples for hemoglobin determination and 
cell counts the remainder was centrifuged, determinations of non-protein 
nitrogen and plasma proteins being carried out on oxalated plasma. 

Hemoglobin was determined colorimetrically with a Klett-Summerson 
photoelectric colorimeter. 

Non-Protein Nitrogen and Plasma Proteins — The small quantities of blood 
available have necessitated some modification of standard procedures for 
these detemrinations. We have found it practicable to determine non- 
protein nitrogen, total nitrogen, and albumin on quantities of 0.2 ml. of 
plasma each. 

Total plasma proteins and albumin were determined by slight modifica- 
tions of the usual procedures (24) with 0.2 ml. of plasma; globulin was 
estimated by difference. 

’ The acid-hydrolyzed casein concentrate was prepared as follows : 1 kilo of crude 
casein {Sheffield) was hydrolyzed under a reflux for 20 to 23 hours with 4 liters of 20 
per cent HjSOj. After cooling, the hydrolysate was neutralized by the slow addition 
of a solution containing 625 gm. of calcium oxide (technical) in 4 liters of water. The 
mixture was stirred well, resulting in the evolution of ammonia. After standing 
overnight it was filtered and the calcium sulfate cake washed several times with warm 
water. The combined filtrate and washings were concentrated in vacuo at 50-60° 
to approximately 2 liters. The ammonia-free concentrate w.as now made neutral to 
litmus with 50 per cent H-SOi, cooled under the tap, and the resulting c.alcium sulfate 
filtered oft. The protein content of the resulting filtrate (JC X 6.23) was estimated 
from a micro-Kjcldahl analysis of a suitable aliquot. For use in the diet, a volume 
equivalent to 147 gm. of protein was further concentrated in vacuo to approximately 
200 ml. 

^ * The salt mixture employed had the following composition (measured in gm.); 
NaCl 18.9, CallPO,. anhydrous. 25.0. AIgSO,, anhydrous, 6.S6, KHCOj 44.4, KCl 
2.88, Fe’” citrate, u.s.p., 2.21, CuSOi, anhydrous, 0.24, MnSO<, anhydrous, 0.15, 
KI 0.015, TfaF 0.03. 
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The procedure for doterminhiK non-pro(cin nitrogen wns os follows; 
0.2 ml. of pln.sma is (ro.afcd with 5 ml. of d per cent trichloro.acctic ncidin 
a 10 ml. Erlcnmcyer fla.sk and allowed to stand 10 to 15 mimite.s. The 
precipit.atcd protein is filtered off, a 2.5 cm. funnel and No. d-l Wh.atmnn 
filter paper being used. A ‘1 ml. aliquot of the filtrate is removed to n 
100 ml. Kjeldahl fla.sk for rniero-Kjeldahl determination. Digc.stion is 
etrected by the use of 2 ml. of concentrated lIjSO,, and the CuSOcKtSOi 
mixture; for final clarification 0 drop.s of .supcroxol arc added. Before 
distillation, 5 ml. of 0.01 n* ammonium sulfate arc added, in order to increase 
the quantity of N to the range of maximum sensitivity of the Kjeldahl 
determination. An identical quantity of ammonium sulfate is used in a 
blank control determination. Distillation and subsequent boric acid titra- 
tion of the distilled ammonia arc carried out according to the procedure 
of Meeker and Wagner (25). The non-protein N of the s.aniplc is deter- 
mined by the difference between the nitrogen in the plasma sample and 
in the (NH<)jSO< blank. 


Results 


hiflucncc of Age on Blood Values of Normal Rats — Data on normal adult 
and young rats on the stock diet arc presented in Table I. It will be 
noted that the young rats weighing from 55 to 75 gm. have lower hemo- 
globin and red cell counts than the adult animals, ns has been obsen'cd 
with other strains of rats (26). The adult animals exhibit hemoglobin 
concentrations between 12.S and I3.Sgm. per cent (average 13.3) in con- 
trast to a range of 11.2 to 12.7 gm. per cent (average 11.9) for the young 
count in the adult animals is between S and 10 
mifiions, whereas in the young animals it is between 5 and 6 millions. 

The non-protein nitrogen values tend to be higher in the adult animals, 
as do the values for the plasma proteins. The total protein averages 
.4 gm. per cent in the adult animals in contrast to 5.2 gm. per cent in 
le young ones. The lower value in young animals is most conspicuous 
m the globulin fraction, with the result that, the albumin-globulin ratio 
en s 0 e ug ler in these animals. We have not found data in the litera- 
ture regarding the plasma proteins of rate at different ages, but it is well 
beTow in^eariy^Tf*^*^ sjiecies, notably in man, the plasma proteins tend to 


^ ? '''''' data from rats that received a tryptophane- 

an supplemented with trj'ptophane. These animals were of 

TaliIp°T*^nr+?^ between that of the young and old animals shown in 

Similnr In 1-1 ^ examined. The blood findings are 

Mmilar to those m the adult animals on the stock diet. 
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Table I 

Blood Studies on Normal Male Rats on Stock Diet 


The values represent the averages and average deviation. 



4 young . 

(55-75 gm. in weight) 

10 adult 

(250-I2S gm. in weight) 


5.16 ± 0.19 

3.89 ± 0.13 

1.27 ± 0.10 

3.1 ± 0.22 

34.6 ± 4.9 

11.9 ± 0.3 

5.61 ± 0.4 

7125 ± 875 

6.40 ± 0.27 

4.27 ± 0.25 

2.14 ± 0.28* 

2.1 ± 0,32 

51.5 ± 8.4 

13.3 ± 0.34 

9.11 ± 0.46 

7416 ± 722 










Table II 

Blood Studies on Rats Maintained on Tryptophane Control Diets 


Days on diet 

Initial body weight, 

ffm 

Weight change, gm. . 
Average daily food 

intake, gm 

Total plasma pro- 
tein, gm.% 

Albumin, gm.% 

Globulin, gm.% 

Albumin-globulin 

ratio 

Non-protein N, 

”>?•% 

Hemoglobin, 5 m.%. 
Red blood cells, oil/ 
lions per c.mm. . . 
White blood cells 
per cjnm 


Tryptaphane-deficient diet supplemented with /-tryptophane 

Amigen 

diet* 

Food tntaiie restricted | 

Food ad libilun 

Rat 

CTH-3 

<f 

Rat 

crH*i 

cf 

Rat 

CTH-S6 

Rat 

CTH-17 

o' 

Rat 

CTH-13 

o' 

Rat 

CTH-S 

Rat 

CTH.7 

Rat A 7 

236 

236 


74 

26 

217 

217 

217 

133 

130 

|M| 

60 

103 

90 

80 

80 

-1-6.6 

-t-11.0 


-1-37.0 

-6.0 

-1-113 

+140 

-1-122 

5.0 

5.0 


5.0 

5.0 

7.0 

7.0 

8.0 

6.67 

6.76 


6.06 

6.34 

6.08 

6.30 

6.44 

4.10 

4.43 

4.98 

4.41 

4.67 

3.84 

4.34 

4.18 

2.57 

2,33 


1.65 

1.67 

2.24 

1.96 

2.26 

1.6 

1.9 

2.4 

2.7 

2.8 

1.7 

2.2 

1.9 

. 32 

39 

35 

45 

64 

49 

37 

38 

. 12.4 


13.2 

13.1 

13.6 

13.2 

14.6 

13.4 



9.16 















jjiuiem equivalent in tne diet ot this animal was supplied as amigen, a 
pancreatic digest of casein in which approximately 85 per cent of the nitrogen is 
enved from casein and 16 per cent from the proteins of the pancreas. This material 
was kindly supplied to us by Mead Johnson and Company. 
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Effect of Inanition on Bloofi ConadturntR of Rat — Of tlin eight rats on 
tlio fryptoplinne-sii[)plenien((>(l diet shown in Tnfile II three were allowed 
to cat the diet ad libitum and in the other five the intake was restricted 
to 5 gin. a day, the average (innntify eon.sinnr’d Iiy nd.s on tlie t rj’ptophanc- 
doficient diet. The rats on unre.strieled intake gained weigiit in a normal 
manner, hut tho.se on the re.-lricteil intake gainerl verj- little weight and 
one of them lost, weight. Nevertlieless (he rnt.s whose intake had been 
restricted exhibited vahie.s for hemoglobin anil [ilasma protcin.s .similar 
to those who.se diet wa.s unre.st rioted. 

Influence, of Tn/ptophanc Defirienc ;/ — In 'I'able III are pre.'cnted our data 
on sixteen rats fed on a diet deficient in tr>-ptophane. All of these animab 
ate jroorly, but, although they eon.sumed ((uantitie.s of food comparable 
to those of the rat.s on a rc.st rioted intake of the (n,-|)tophane control diet, 
the rats on the deficient diet did not maintain their weight; all of them 
showed greater or Ie,s.scr dcgree.s of weight lo.s>-. They al.so exhibited the 
symptoms of tiyptophane deficiency which we have reported elsewhere. 
An examination of Table III reveals a striking reduction of the total 
plasma protein. Both the albumin and globulin fractions arc affected 
with no conspicuous change in the albumin-globulin ratio. The hemo- 
globin is reduced below 12.5 gm. per cent in ten of the sixteen animals. 
An examination of the individual protocols indicates that the duration of 
the deficiency and the size of the animal arc important variables here. 
Of the large rat.s weighing 250 gm., five out of six that hatl been on the diet 
for 86 daj's or more showed reductions in hemoglobin and the .sixth rat 
was beginning to fall, as shown by serial observations in Table V. The 
one large animal which had been on the diet for onlj' G4 days showed no 
reduction in hemoglobin. Of the nine small rats (GO to 117 gm. at the 
onset of the c.xpeiinicnt) six which had been on the diet for 50 days or more 
.showed reductions in hemoglobin and the remaining three which had 
ingested the diet for a shorter period showed no reduction. The obsciwa- 
tions ^yhich were made on the red cell count fail to indicate any significant 
I eduction in tyyptophanc deficiency; in five out of six rats whose red cells 
weie counted, these remained at a normal figure above 7.5 millions in 
spite of a i eduction in liemoglobin; the sixth animal showed a subnormal 
red cell count which failed to rise with the hemoglobin rise occurring after 
the restoration of tryptophane (Table V). It would thus appear that the 
anemia of tryptoidiane deficiency is hypochromic in character. 

Our observations on a small number of rats that were followed with 
serial observations during the development of deficiency and after restora- 
tion of tryptophane to the diet are shown in Tables IV and V. They illus- 
tiate t le progiessive reduction of both plasma proteins and hemoglobin 
as the deficiency progresses and the return to normal with its restoration. 
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TUYnovuANi; nnnciKNCY 


Rats Tll-l" niui TJI-32 show (1ml Iht* full in pln^nui protein occurs more 
promptly (htin thnt in hcmo^jlohin. 

Cummrnt 

The observntions reeorded above Mibritantiute the limited data in the 
literature in repaid to the importance of tryptojihane for senini protein 
formation. Our data likewise pive .support to the view that (rj-ptoplmne 
is needed for the synthe.sis of liemoploliin. 'I’lie ilevelopment of anemia 
in our tryptophane-deficient rat.s eonlirms (he findinps of Fontfs ami 
Thivolle (21) and of the .Iapane.se workei-s (13, !•}) and i.s in .sh.arp contna^t 
to those of Aleock (17). A closer examination of Alcock’s data in the 
light of our jnesent findings may provitle an ex[)lanation for thi.s (li‘<- 
ercpancy. Alcock’s experiment.s on a tryptophane-deficient diet were car- 
ried out. on a diet eonstrueted from e(|nal p.arts of zein and neid-hydrolyzed 
enscin; he himself mentions (he jK>.ssil>iiity (hat the zein was not entirely 
free from tryjitophane. 'I'he weight of his animals is not given, but pre- 
.sumably the.se were adult, rats. If .so, (he duration of hi.s deficiency diets, 
40 to 110 days, is scarcely long enough to lead to anemia, a.s judged by our 
experience with adult rats. Furthermore, (wo of the nine rat.s used in 
thi.s experiment actually did develop anemia. .\l(!Ock'.s’ eurative experi- 
ments, in which he cured milk anemia by a tryptophnnc-dcficicnt diet, 
wore curried out, on young growing rat.s and in this instance he u.sed .ncitl- 
hydrolyzecl casein as a source of nitrogen, material which was undoubtedly 
free fronr trj'irtophane. However, thesi' ex])erimen(s were of veiy brief 
duration. The anemia-producing diet was continuetl for 3 to 4 weeks only 
and the tryptoijhane-deficicnt diet for only a fortnight beyond this, the 
longest possible duration of any experiment in this series being 42 days. 
It may be recalled that .50 days or more were required in our young I'at.s 
for the tryptophane-deficient, diet to jii'oduce anemia. It .seems likely that 
leserves of tryptophane suflicient for hemoglobin synthe.sis were still pcc,'’’- 
ent at the time his anemia-producing diet was discontinued. 'I'lie rc.sults 
of Alcock do not therefore conflict with ours. His negati\’e findings arc 
explained by the conditions employed in his experiments. 

SUMMAHY 

1. It is shown that the plasma proteins as well as hemoglobin are higher 
in adult rats than in y’oung animaks. 

2. A low caloric intake, suflicient to inhibit growth, cause.s no reduction 
in the concentration of idasina proteins or of hemoglobin. 

3. A diet deficient in tryptophane brings about a reduction in pla-saia 
proteins and in hemoglobin. The reduction in ])lasma protein precedes 
t lat o the hemoglobin. The addition of a tryptoiihane supplement re- 
stores the plasma proteins and hemoglobin to the normal level. 
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THE EFFECTS OF HIGH PHESSUEE ON THE INVEESION OF 
SUCROSE AND THE MUTAROTATION OF GLUCOSE 

Bt frank V..SANDER, Je. 

(Front the Physiological Laboratory, Princeton XJnivertily, Princeton) 

(Received for publication, February 17, 1943) 

Because of increasing interest in the effects of pressure on biolo^cal 
and chemical reactions in vitro as well as in vivo, it was believed that a 
study of a typical enzymatic reaction under conditions of high pressiure 
would reveal something more of the fundamental nature of vital processes. 
The purpose of the investigation was to find the relation between tempera- 
ture and pressure and the activity of the enzyme Lnvertase, in accordance 
with the experiments of Johnson, Brown, and Marsland (1, 2) on luciferase. 
Unfortunately experimental difficulties permitted pressure studies at only 
one temperature, but nevertheless several new and interesting features of 
the mechanism of sucrose inversion were uncovered. 

A few attempts have been made in the past to study cane-sugar hydroly- 
sis under pressure. In 1892 Rontgen (3) reported that gas (COj and Nj) 
pressures of 500 atmospheres (7000 pounds per sq. in.) appeared to inhibit 
sucrose hydrolysis catalyzed by HCI to a very small degree. He assumed 
that the effect was due to a decrease of acid dissociation under pressure. 
Rothmimd (4) in similar experiments confirmed his work by finding a 
1 per cent decrease in inversion velocity for every 100 atmospheres pressure. 
It has been pointed out (6), however, that Rontgen’s results are invalid, 
since the constants calculated differ by so small an amount. Stem (6) 
has shown that pressure up to 500 atmospheres will cause an apparent 
decrease in the velocity of sucrose inversion when the reaction is catalyzed 
by hydrochloric, sulfuric, or oxalic acid. The same pressures, however, 
seem to accelerate the process when phosphoric or acetic acid is used. 
His velocity constants have been calculated and compared by Cohen and 
DeBoer (7), whose independent investigations also showed reduction in 
speed of hydrolysis. They expressed the influence of pressrue with the 
formula, d la k/dP = constant. The e.xperiments with invertase de- 
scribed in the present paper indicate no decrease in velocity constants, 
but rather resemble those with acid hj'drolysis in which the constants were 
increased by pressure. 


EXPEKIHENTAX 


Apparatus — ^The reaction chamber consisted of a heavy walled iron 
tube, 16 inches in length, into which the e.xperimental mixtures were 
poured. The nuddle portion was supplied with a hydrostatic pressure 
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inlet tube, and eacli end was cut in such a w/iy tliat it might accommodate 
a close fitting, self-sealing cap. JCaeh cap avis so designed that a thick 
(7.5 mm.) plate glass window rould be permanently se.alcd in one end. 
To prevent any undesired effects from the metal of the tube the entire 
chamber wn.s olcclrieally plated with layers of coiiper, nickel, and silver, 
A Avatcr jacket w.as provided, and the .system was thermostatically rep- 
Inted to ±0.1°, all exjieriments being carried out at 20.0°. When com- 
pletely n.s.semb!ed the bomb just fitted the Schmidt and Ilaensch half 
shadow polarimcter which wa.s u.serl to follow the reaction.s by the usual 
methods. The light source was a Cicneral Electric sodium vapor lamp. 
Pressure was maintained by means of a speei.nlly con.stnicfcd hand hy- 
draulic jnimp, oil being used as the medium of jirc-s-sure transmission. 
Comprc.ssion up to 10,000 jiouiuis per srj. in. was avail.ablc. 

A commercial invertase solution .snpplied by Eimcr and Amend was 
used throughout, and sucrose solutions were prepared freshly for each 
e.vperiment from the same lot of commercial granulated cane-sugar. Acid- 
ity was maintained constant with a 1 : 1 stock mi-xture of 0.1 N sodium ace- 
tate and 0.1 N acetic acid (pll 4.5) to whicli a few drops of toluene had been 
added as a preservative. The s.amc volumetric apparatus was used in 
all c.xperiment5. 

Pressures gi’catcr than 3000 pounds per sti. in. produced a great amount 
of double refraction in the observation windows, and the polarimcter could 
not be read. For this reason reactions under higher prc.ssuros were fol- 
lowed by temporarily rcmo\’ing prc-ssurc before each observation. A read- 
ing was taken approximately every 5 minutes, and the time from removal 
to reapplication was in most cases about 20 seconds. Eventually, how- 
ever, the windows developed ircrmancnt strain. On this account the 
method was modified, and the reaction chamber was fitted with a new set 
of windowless caps. In place of reading rotation through the bomb, 3 cc. 
samples were withdrawn through a needle valve into a test-tube, the solu- 
tion in the chamber being displaced by oil. The samples were trans- 
ferred to a small bore glass polarimcter tube, and the observed change in 
rotation under the new' conditions was taken as a measure of the reaction 
rate. All those experiments recorded with the window's in place constitute 
Series I, w'hile those followed by the sampling method make up Series II- 

ince the two series contained different quantities of reactants, the e.xperi- 
ments in each are not comparable. The concentrations for the respective 
enzyme-substrate mixtures w'ere as follows : invertase syrup. Series I, 0.63, 
Series II, 0.27 per cent; sucrose. Series I, 6.00, Series II, 5.71 per cent; 
buffer and water, Series I, 93.37, Series II, 94.02 per cent; total volume. 
Senes I, 30, Series II, 35 cc. 

The experiments of Series II can be further divided into two classes: 
(1) samples treated with 1 drop of 5 n NaOH to inhibit the reaction and 



F. V. SANDEB, JR. 


313 


to complete glucose mutarotation (final pH, 11 to 12), and (2) samples 
tested as quickly as possible after xvithdrawal •with no inhibition (the 
maximum time lapse was 2 minutes). 

It may be thou^t that pressme has a deleterious effect on the enzyme 
itself, thereby influencing experimental results. Matthews, Dow, . and 
Anderson (8), investigating pepsin and rennin, and Macheboef and Bas- 
set (9), working on invertase, have shonm that only extremel 3 ’’ high pres- 
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TIME IN MINUTES 

Fig. 1. Series I, window method. •, five experiments at atmospheric pressure; 
■, two experiments at 2000 pounds per sq. in.; ▲, four experiments at 6000 pounds; 
O, two experiments at 7000 pounds. 

sures can inactivate purified enzj’mes. A compression of 6000 atmospheres 
(88,000 pounds per sq. in.) has no apparent effect on invertase activity. 

ResvUs — Several experiments were conducted at arbitrary pressure 
levels for each series, and the results were compared grapiucaUy. In 
Series I (glass windows) a plot of the observations for all experiments at 
a given pressure level showed very close agreement. This permitted the 
construction of an “average curve” through the apparent mean of all 
the points. Similar plots for other pressures showed that there was a 
difference between the curves that varied positivelj* with pressure. Fig. 1 
summarizes these results. 
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EFFECT OF PRESSURE ON SUGARS 


A similar situation was found for the uninhibited experiments of Series If. 
However, when the invertnse in the reaction samples was inhibited with 
NaOH, the average curves had j)rccisol 3 ' the same locus regardless of the 
pressure, whether atmospheric or 10,000 pounds per sq. in. Fig. 2 com- 
pares t 3 ’'pical inhibited and uninhibited I'cactions. It is of interest to note 
that the values for eleven experiments on treated .samples at six different 



Fio. 2. Comparison of pressure efTccts on inhibited and uninhibited reactions, 
Series II. The concentrations of invertasc and sugar are the same in all cases. 
• , atmospheric pressure, uninhibited; ® , 8000 pounds, uninhibited; O, atmospheric 
pressure, inhibited with NaOH; A., 8000 pounds, inhibited with NaOH. 

pressure levels all fell on the same curve (“inhibited” in Fig. 2). The 
readings are not included. Since NaOH not only inhibits invertase but 
also completes mutarotation, the released glucose of the inhibited samples 
of Series II was brought to equilibrium immediately, while in the remain- 
ing experiments of Series II and those of Series I mutarotation was allowed 
to proceed at its normally slow rate. In view of the above results the 
only acceptable conclusion is that the actual rate of sucrose h 3 '’drolysis is 
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not affected by pressure, while the speed of mutarotation is proportionately 
increased. 

The nature of the experiments necessitated the use of a less commonly 
employed method for calculating relative reaction velocities. The slope 
of the reaction curve at any point is proportional to the amoimt of sub- 
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Fig. 3 Fig. 4 

Fig. 3. Log plot of tangents to “average curves” (Fig. 1) of Series I. The slopes 
are taken as measures of the reaction rates. Curve A, atmospheric pressure, slope 
= 2.06; Curve B, 2000 pounds, slope = 2.26; Curve C, 6000 pounds, slope = 2.60; 
Cun'c D, 7000 pounds, slope = 2.64. 

Fig. 4. Log plot of tangents to “average curves” (Fig. 2) of Series II. The slopes 
arc taken as measures of the reaction rates. Curve A, atmospheric pressure, slope = 
0.5S;-Cur\'c B, 5000 pounds, slope = 0.77; Curve C, 8000 pounds, slope = 1.00; Curve 
M, logs of tangents to the cur\’c of Fig. 2. Atmospheric pressure, inhibited iNuth 
XaOH, mutarotation complete, slope * l.Ol. 

strate remaining and consequently can be included in a consideration of 
velocity constants. Now since the enzymatic hydrolysis of sucrose can 
be considered a pseudounimolecular reaction (10, 11), tangents were accu- 
rately drawn to arbitrarj- points on each “average cur\-e,” and the logio 
of the calculated slopes was plotted against the time values for each 
point. This procedure gave more or less straight line plots over the uni- 
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molecular portions of the rouclions, the slopes heinp; equivniont to the 
true velocity constants. Fi^. 3 sutntnarizc.s the calculation.s for the e.x- 
periments of Series I, while Fip. •! similarly flescrihes Scric.s II. The inde- 
pendently plotted .slopes were transpo,sed along their al)sci.«.sas to eliminate 
unncccs.sary confusion in the compo.‘;ite graphs. It can he noted from 
Fig. d that no i)ressuro wa.s great enough to cause the apparent velocity 
constant to exceed that obtained when mutarotation was brought to 
completion with NaOII at atmospheric, pressure (rurve M). 

niscu.ssio.N 

The results described above are undoubtedly due to the effect of prc-'^sure 
on the mutarotation of glucose. In view of this a fundamental analysis of 
the isomeric change can be made. Fredenhngen and llonhocffcr (12) have 
shown that the conversion of a-glucose to /3-gluco.sc in cither direc- 
tion is impo.ssiblc without a breaking of the pyranoso ring .structure. 
In accord with this a reasonable explanation of the mechanism luus been 
offered (13, 14) by a.ssuming that, c.g. for acid catalysis, there is first a 
mobile and reversible addition of a proton to the ether oxygen, followed by 
a rate-determining reaction with a ba.so to give the aldchydic open chain 
form. 
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For basic catal 3 'sis, on the other hand, there is a mobile and reversible 
removal of a proton, preceding a similar rate-determining reaction with 
an acid to produce the same open chain. In either case both a source 
(acid) and an acceptor (base) of protons must be present. The revereion 
of the aldehydic chain form to the ring stnrcturc maj' take place in either 
configuration of the aldehydic carbon. 

With this in mind we can propose a reasonable hypothesis to explain 
the influence of pressure. Assuming that pressure does not markedlj^' 
alter the reaction medium, it is probable that a-glucose on its release from 
the sucrose molecule undergoes a decrease in molecular volume as it passes 
from the inactive pyranose state to the activated open chain aldehj'de 


H O— Il1+ 

\ 

C 

/ \ 

;c vO'^ 


:c c. 

\ / 
c 

/ \ 


H 01 

\ / 

C 

:c /o/ 


C 

/ \ 



V. V. SANDEH, JK. 


317 


form. Since this process is the rate-determining one, it holds that an 
increase in pressure must necessarily cause an increase in reaction velocity 
(Le Chatelier’s principle). 

The concept of “absolute reaction rates” (15) is based upon the theoiy 
that any chemical reaction is characterized bj' an initial structure, which 
passes through an intermediate configuration critical for the process, to a 
final structure. The intermediate Ls called the “activated complex” of the 
reaction, and does not necessarily po.ssess the same molecular volume as 
do either reactants or products. It is pos.sible to calculate the amount of 



Fio. 6. Logarithms of the slopes in Figs. 3 and 4 ccrsus pressure 


volume change of a glucose molecule upon activation by means of the 
relation' 


RT d}nh’ 

where AT* = the change in volume per mole between acti%'ated and inac- 
tivated states, R = the gas constant in cc., atmospheres per mole per 
degree = 82.05, T = the absolute temperature = 293° K, /;' = A In of 
the calculated slopes (Figs. 3 and 4), which in turn are proportional to the 
* Kindly furnished by Dr. H. Eyring. 
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velocity constant (A logio measured from the graph must he multiplied 
bj’ 2.3), P = pressure in atmospheres. 

Fig. 5 shows the logarithms of the slopes of Figs. 3 and 4 plotted against 
pressure. When ordinates arc taken as A logio k' and abscissas as AP, the 
above equation applied to Series I indicates that glucose undergoes a 
decrease in volume of 12.5 cc. per mole on activation. A similar calcula- 
tion for Serie.s II gives a value of 21.2 cc. per mole. The discrepancy be- 
tAveen the two quantities is undoubtedly due to the insufficient number of 
point.s with which the straight lines were determined. The slopes are so 
small and the points for Scries II arc so widely scattered that it is difficult 
to determine the exact position of the curve. The 12.5 value is prob- 
ablj’^ closer to the true volume change, since the slope is more accurately 
indicated. 

The volume change can be explained qualitatively by assuming that the 
atoms of a glucose molecule enclose a relatively large amount of dead 
space in the center of the closed ring. Upon activation the molecules will 
spring open into more or less rod-like configurations that tend to crowd 
into the previously unoccupied areas. 

SUMMAHY 

1. Pressures up to 10,000 pounds per sq. in. do not alter the rate of 
hydrolysis of sucrose by invertase. 

2. The rate at which a-glucose comes to equilibrium with its isomer, 
^-glucose, is related positively to the pressure exerted on the S3’'stem. 

3. A volume change is involved in the rate-determining step for glucose 
mutarotation. The activated complex of a-glucose possesses a lesser 
molecular volume than does a-glucose itself. 

4. The volume decrease on activation is calculated. 

The author wishes to express his sincere gratitude to Dr. E. Newton 
Harvey and Dr. A. M, Chase for their invaluable assistance and encourage- 
ment during the time required to develop this paper. Indebtedness is also 
felt toward Dr. Hemy Ejudng, who made possible the calculations involving 
molecular volumes. 
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THE NATURE OF THE INSOLUBLE SODIUM OF BONE. THE 
ADSORPTION OF SODIUM AT FORTY DEGREES BY BONE, 
DENTIN, ENAMEL, AND HYDROXYAPATITE AS 
SHOYTs^ BY THE RADIOACTH^ ISOTOPE* 

By HAROLD CARPENTER HODGE, WILLIAM F. KOSS, JAMES T. GIXN, 
MARLENH FALKENHEIM, ELIZABETH GAVETT, RICHARD C. FOWLER, 
ISABELL THOMAS, JOHN F. BONNER, akd GERHARD DESSAUER 

(From the DepartmenU of Biochemistry and Pharmacology and Radiology, School of 
Medicine and Dentistry, and the Department of Physics, College of Arts and Science, 
The University of Rochester, Rochester, Mew York) 

(Received for publication, February 20, 1943) 

Sodium has for so long been associated with body fluids and fluid ex- 
change that small attention has been directed to the place of sodium in the 
solid structure of bone. Concepts of the role of sodium in the animal 
economy have centered on its presence in the e.xtracellular fluid and in the 
blood plasma. However, since bone is formed in contact with, if not 
actually from a salty fluid, it is not surprising that some sodium is found in 
bone. And the small percentages of sodium in the inorganic or ash portion 
of bone (0.2 to 0.9 per cent) aid in the well established impression that the 
sodium content of bone is negligible, both as to its place in the bone struc- 
ture and as to its relation to the sodium of e.xtracellular space. 

However, two facts about sodium (1), not usually appreciated, indicate 
that bone sodium has an important function in the relation of bone struc- 
tures to body fluids: (o) half the body sodium is in the skeleton, and (6) 
half the bone sodium is insoluble. The latter fact has led to the idea that 
bone sodium is of two sorts; half is present dissolved in extracellular fluid 
and is balanced (ionically) by chloridra, while the other half is fixed in the 
bone imneral, perhaps as a part of the apatite lattice (2). This idea of a 
.stable sodium fraction is made plausible by the demonstration that the 
higher the ash percentage of a bone sample, the higher the sodium content. 
Furthermore, in the ash of normal and osteoporotic rat bones, the calcium 
content is related in linear fashion to the insoluble or excess sodium content, 
so that for every 30 moles of calcium, 1 mole of sodium is present (2). 
Such a constancy might be explained by compound formation. This is a 
simple blood to bone sodium relation which might be likened to a salty 
tide washing a slightly alkaline beach -with no consequent change in either. 
However, this explanation is too simple; the tissues of the body are not of 
fixed and stable make-up. 

This work was supported in part by a grant from the Carnegie Corporation of 
New York, 


321 



322 


SODIUM OF BONK 


In Vivo Lability of Bone Sodunn — Some of the facts which indicate a 
lability of the bone sodium are listed as follows: 

Spongj'^ bone, as shown b}' Kaltrcidcr cl al. (3), takes up radioactive 
sodium from the blood as if the spongy bone were 50 per cent plasma. 
Assuming the radioactive sodium found in the bone is in solution in the 
extracellular fluid, this is a fairly high value but not beyond physiological 
limits, since less than 50 per cent of such bone is mineral. Surprisingly, 
compact bone will take up sodium as if the bone were 67 per cent plasma. 
This is extraordinaiy, since 50 per cent or more of this bone is mineral 
matter. At first glance, it would appear that bone has the ability to con- 
centrate sodium. An alternate explanation would involve the exchange 
of some of the insoluble sodium of the bone with the soluble sodium of the 
extracellular fluid. 

In measuring the sodium space of normal and cardiac patients, Kalt- 
reider et al. using radioactive sodium found that a repeated measurement 
on a subsequent day uniformly' gave lower values for the total space 
available for sodium distribution. Their technique involved the intra- 
venous administration of 0.3 gm. or more of sodium chloride in solution. 
It seemed as if some sodium reservoir was filled on the first test and that 
in the subsequent tests, less sodium .space existed in the body. A labile 
bone sodium would act as such a reservoir; on intravenous sodium admin- 
istration the blood level would rise sharply', and sodium would be fixed by 
the bone and if released slowly' would prevent an equal amount of sodium 
from being taken up by the bone stores on the occasion of a repeated test 
within a limited time interval. 

By' suitable control, McCance (4) was able to remove 8 gm. of sodium 
from a patient without a compensating decrease in the e.xtracellular water 
content, as measured by' body' weight. This amount of sodium is con- 
tained normally in about 2.4 liters of extracellular fluid; so that such a 
volume change should have been easily' detected. Only' bone has excess 
sodium in sufficient amounts to be able to supply 8 gm. without drastic 
changes. In fact, 8 gm. of sodium are only about 40 per cent of the 
excess sodium of the adult skeleton, and the removal of this fraction may' 
be within the limits of a deprivation experiment. However, this assumes 
a marked degree of lability' of the insoluble fraction of bone sodium. 

Hanison (2) fed rats 5000 to 10,000 units of vitamin D daily for several 
weeks. He found, in sharp contrast to his findings on normal and osteo- 
porotic bones, that the sodium content was not proportionate to the calcium 
contcirt, 1 mole to 30. In these rats, the sodium content w'as too low to 
ht the 1:30 ratio. Harrison suggested that the decalcifying action of such 
oscs of vitamin D might play' some role. Such disproportionate sodium 
OSS rndicates an extra lability' of bone sodium even as compared to the 
calcrum. 
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These four observations point to a labile property' of bone sodium which 
might be likened to an adsorption phenomenon; a rise in the blood sodium 
level is reflected at equilibrium by an increase in the bone sodium content. 
This bone sodium is a store (5) which can be drarni upon to maintain the 
blood level when a sodium loss tends to depress the blood sodium level. 
Such a labilitj’ would scarcely be expected if bone mineral is a mixed 
sodium-calcium apatite, nor would the arbitrary di\'ision of bone sodium 
into insoluble excess sodium and extracellular sodium fractions remain a 
reasonable h 3 -pothesis. 

In Vitro Lahilily of Bone Sodium — The lability of bone sodium maj' be 
adequatelj’ described bj’ assuming that sodium is adsorbed on bone min- 
erals. It has been suggested that bone and tooth mineral substance is 


Table I 

Sodium Taken Up by Various Calcium Phosphates from Solutions of Sodium Chloride 

(S to 0.000$ it) 



Average Xa taken up per gm. solid 

concntration 
of sodiua 
(approzinute) 

Apatite 

Bone 

Dentin 

Enamel 

Sample A* I 

Sample B 

u 

n(. 1 


mr. 

me. 

Mf. 

3.0 X 10 

33 (4) 

IS (21 

14 (12) 

10 (7) 

10 (6) 

3.0 X 10-' 

4.9 (41 

0.94 (2) 

3.64 (10) 

1 .80 (2) 

0.92 (6) 

2.9 X 10-* 

} 3.3 (3) 

0.076 (2) 

0.40 (10) 

0.28 (4) 

0.084 (6) 

2.9 X 10-' 

0.60 (4) 

0.026 (2) 

0.11 (10) 

0.049 (7) 

0.016 (6) 

2.4 X 10-' 

0.028 (4) 

0.0078 (2) 

, 0.029 (10) 

0.018 (6) 

0.003 (6) 


The figures in parentheses represent the number of determinations averaged. 

• This sample of hydroxj-apatite is Sample TR 4, T.able 5 (7), and ha.s a Oa:P ratio 
of 2.11. 


fundamentally composed of minute crystals of hydroxjrapatite, a basic 
calcium phosphate. These tiny crj-stals have a large total surface and 
offer adequate space for the adsorption of other elements and compoimds 
found regularly in smaller amovmts in bone ash. Thus, the bone .sodium 
may well be “occluded, adsorbed or interstitially crj’staUized” (6). Some 
support of this hypothesis is gained from the data presented in Table I and 
Tig. 1. The methods are discussed below. These data show that at 40° 
the amounts of sodium taken up by powdered bone from aqueous solutions 
of sodium chloride are satisfactorily described by the Freundlich adsorption 
isotherm (8). In other words, sodium is taken up by powdered bone (and 
other calcified tissues), in a reaction in which a surface is the limiting factor. 
The adsorption of sodium by bone, dentin, enamel, and synthetic hy- 
droxj-apatite probably takes place on the surface of the submicroscopic 
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hydroxyapatite crystals common to each of these calcium phosphates. 
The particles of powdered bone probably do not supply the active surface 
in this reaction; for example, it has been shown for phosphate adsorption 
(9) that variation in powder particle size has no influence on the adsorption, 
qualitatively or quantitativel 3 \ Tlie active surface for phosphate adsorp- 
tion presumably is that of the hj'droxyapatite crystals; a comparison of the 
data on phosphate adsorption with those for the sodium adsorption will 
reveal so striking a parallel that the extension of this assumption to sodium 
adsorption seems permissible. Thus, wdth sodium as with phosphates, 



Fio. 1. Adsorption isotherms for sodium and the various calcium phosphates 


bone adsorbs more sodium than does dentin, which, in turn, adsorbs more 
an enn.mel. It is knowm that this represents the reverse gradation in 
crystal size; bone crystals are smallest (average, lO"® cm.) and enamel 
argest (aveiage, lO"* cm.) (10). The smaller bone crystals of hi’^droxy- 
apatite would have a larger surface per unit of weight and should adsorb 
more so lum. That this order of sodium adsorption really reflects some 
undamental property of the hard tissues may be seen from the fact that 

> enamel, is found for 
ne ( ), p losphate (9), and arsenic.' The hypothesis maj’’ there- 

' Hodge, H. C., unpublished data. 
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fore be advanced that at least part of the bone sodium is adsorbed on 
the surface of the crj-stals of hydroxyapatite which constitute the principal 
molecular component of bone. 

Qualitative Applications in Vivo of in Vitro ASsorption Data— There are 
a number of qualitative observations which are in reasonable accord with 
the adsorption hypothesis, (a) Compact bone adsorbed more radioactive 
sodium (3) than did spongy bone because compact bone has more hydroxy- 
apatite crj'stals (I'.e. more ash) per unit weight than does spongy bone. 
More crj'stals mean more surface; hence more sodium taken up. (5) The 
decrease in sodium space on the second or repeated tests in human subjects 
(3) may be attributed to the establishment from the sodium chloride ad- 
mirustration (intravenous) of a higher sodium level in the extracellular fluid 
which caused more sodium to be adsorbed per gm. of bone. There is 
evidence (Fig. 2) that sodium is rapidly adsorbed and slowly lost. The 



Fig. 2. Uptake of radioactive sodium by powdered bone. The ordinate X/M 
represents mg. of sodium per gm. of bone. The abscissa is the total time of exposure 
of the powdered bone to a solution of approximately 0.03 -v sodium chloride. 

bone samples adsorbed a “maximum” amount of sodium marked by 
in about 45 minutes. This uptake is in the insoluble sodium fraction, since 
the bone samples of Fig. 2 are repeatedly washed u-ith distilled water tmtil 
radioactive sodium is lost in negligible amounts on subsequent washings 
Therefore, in the patients receiving sodium intravenously, when the blood 
sodium returned to its former level, the bone probably still retained much 
of the sodium it had gained. On repeated tests of sodium space on sub- 
sequent days, the hone sodium was already higher than normal and this 
important site of the initial sodium uptake was no longer available. A 
lesser sodium uptake and a lower calculated sodium space uas the result, 
(c) The loss of 8 gm. of sodium as obsen-ed by McCance (4) would involve 
the maintenance of a decreased e.xtracellular fluid sodium concentration to 
remove 40 per cent of the total bone sodium. It is noteworthy that 
McCance’s patient required 11 days to establish the loss of so much sodium. 
However, from other data given in McCance’s report, calculations show 
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only a part (20 to 45 per cent) of the 8 gm. of sodium deficit can properly 
be accounted for by desorption. McCance shows that the blood sodium 
decreased from an original value of 148 to 131 milliequivalents per liter at 
the end of the deprivation period. Tliis concentration drop applied to the 
adsorption isotherm (Fig. 3) would account (cckris paribus) for about 
1.6 gm. of sodium removed in a 70 kilo man whose skeleton made up 
16 per cent of his weight. From plasma chloride levels it may be similarly 



I'lG. 3. 1 1'c adsorption isotherm !it 40° of sodium on powdered bone. The doited 
lines represent tlie standard deviation. Entering the figure at the value on the 
abscissa corresponding to blood concentration of sodium gives the interpolated value 
in logarithmic units of l.i mg. of sodium per gm. of bone. 

calculated that 3.5 gm. of sodium can be accounted for. The remaining 
55 to 80 per cent of the sodium deficit came from unknown sources, (d) 
In the vitamin D-treated rats of Harrison (2), a decalcification might 
t\ ell 1 emove the surfaces of man}’’ hydroxyapatite crystals before any crys 
tals were completely resorbed. If the sodium was adsorbed on the 
crystal surfaces, the decalcification would tend to remove sodium faster 
than calcium. This process would leave a bone which would have a sodium 
to calcium ratio lower than the normal 1 :30 ratio, (e) In the rats in which 
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osteoporotic bone was produced bj- a diet containing calcium carbonate 
(2), low calcium percentages were accompanied b}’ a normal sodium to 
calcium ratio. According to the adsorption hj^iothesis, this indicates that 
less than normal amounts of calcium phosphates were deposited, but that 
the extracellular fluid was of approximate^ normal sodium concentration. 

Quanlilalive Applications in Vivo of in Vitro Adsorption Data — The 
consideration of certain quantitative relations between blood and bone 
sodium also shows the usefulness of the adsorption hypothesis. On the 
basis of 1 mole of sodium to 30 moles of calcium Harrison postulated a 
sodium-calcium apatite. From the adsorption data, it can be sho\\-n that 
a simple adsorption would account for the constancy of the relation, pro- 
vided (a) that the hj-droxyapatite crj'stals in various bone samples had 
comparable active .surfaces and (6) that the concentration of blood sodium 
and therefore of extracellular fluid sodium was fairl 3 ’ constant. Chemical 
anab'ses for sodium by Harrison, Darrow, and Yannet (1) show in the case 
of Dog 2, for example, that 1756 gm. of skeleton contained 3.124 gm. of 
sodium or 1.78 mg. of sodium per gm. of bone. This dog’s plasma evi- 
dentlj^ contained about 145 milliequivalents of sodium per liter. If the 
blood sodium concentration is assumed to represent the sort of equilibrium 
state with bone which Is described bj' the in vitro adsorption measurements, 
then entering Fig. 3 at log C = log 0.145 = —0.84 would lead to a predicted 
value of log X/M for bone in vivo of -1-0.22. This coiTesponds to an X/M 
value of 1.7 mg. of sodium per gm. of bone. Thus, from the adsorption 
experiments bone sodium lei'els .such as are actuallj' found bj' chemical 
analj'ses could be predicted. 

From radioactive sodium studies comes additional confirmation of this 
relation. 6 hours after Dog 1 of Kaltreider et al. (3) was given sodium 
marked by Na-‘, the serum showed 129 counts per minute on the Geiger- 
Miiller scale-of-four counter (12). Assuming that the serum had about 
145 milliequivalents of sodium per liter, this amounts to 38.7 counts per 
minute per mg. of sodium. At this time, the femur had taken up 85 counts 
per minute per gm. or 2.2 mg. of sodium per gm. of bone. Other .samples 
of whole bone by similar calculation showed 1.5, 1.9, 1.8 mg. of sodium per 
gm. of bone. These values all are of the same order of magnitude as the 
value of 1.7 mg. of sodium per gm. of bone predicted bj' the in vitro adsorp- 
tion measurements. This is strong e-vndence for the adequateness of the 
adsorption hjqiothesis. 

The amounts of excess sodium reported (1) for various bone samples have 
varied somewhat. For example, for Dog 2, the excess sodium was 0.9 mg. 
of sodium per gm. of bone; for a monkey a value of 1.0, and for a rabbit of 
0.9 mg. per gm. were given. These values were obtained by the subtrac- 
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tion from the total sodium of sodium equivalent to the chloride content. 
However, the same fraction, about lialf the total bone sodium, is described 
as insoluble in water or in boiling alkaline leaches. Kaltreidcr ct al. (3) 
boiled bones containing radioactive sodium in 3 per cent potassium hydrox- 
ide in ethylene glycol to remove the organic matter (13). The amounts 
of sodiiun remaining were 0.95, 0.G5, 0.22, 2.01, and 1.44 mg. of sodium per 
gm. of bone in several samples of femur shafts and epiphyses and of scapu- 
lae. Although there is a considerable scatter in these values, in general 
they are of about the same order of magnitude as those from chemical 
analyses; the variations may represent varying degrees of desorption. It 
is noteworthy that the insoluble or excess sodium may easily be accounted 
for by adsorption, since in each case these values arc lower than the mg. of 
so.dium per gm. of bone predicted from the vi vitro e.\periments. It should 
be remembered that the in vitro bone samples were measured for their 
radioactive sodium uptake only after thorough washing with distilled 
water. Thus the in vitro measurements were of sodium which was insoluble 
in two or three washings in distilled water. 

Bone sodium may thus be assigned a first order physiological importance. 
Storing sodium (3) when the blood level rises and providing a surprisingly 
adequate reservior when a sodium drain is established, the bone thus acts in 
both instances to maintain the constancy of the blood and extracellular 
fluid sodium level. This behavior of bone sodium and even the magnitude 
of the sodium content normally found in bone are shown to be adequately 
accounted for as adsorption phenomena on the assumption that blood and 
bone constitute an “equilibrium” system similar to the sodium chloride 
solution-powdered bone system studied i?i vitro. Until more direct evi- 
dence of chemical combination of sodium as an apatite replacement atom 
is found, bone sodium may be described as an adsorbed constituent on the 
surface of the minute bone crystals of hy’^dro.xyapatite. 

Method The procedure has already been described in detail (11). 
Briefly^, the steps are as follows: (1) 50 mg. samples were taken of powdered 
(60 mesh) bone, dentin, enamel, and a synthetic hydro.xyapatite (Sample 
H2 with a Ca:P ratio of 2,11, described by Hodge, LeFevre, and Bale (7)). 
The bone had been ashed with 3 per cent KOH in glycol (13); the dentin 
and enamel were the unashed product of the centrifugal flotation separa- 
tion process (14). (2) Powdered samples in duplicate were e.xposed for 45 
minutes at 40° (Fig. 2) to 25 ml, aliquots of various sodium chloride solu- 
tions containing aliquots of radioactive sodium. (3) The solutions were 
removed by centrifugation and decantation, and the powders washed 
repeatedly (usually two or three times) in distilled water. (4) The mineral 
samples were then dissolved in a small volume of dilute hydrochloric acid 
and the radioactivity of a 2 ml. aliquot determined by the Geiger-Miiller 
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Ecale-of-four counter. Each point 'was detennined in duplicate or quadru- 
plicate. The entire study was carried out in an independent fashion in 
three instances (Table I). 

Data — ^The mg. of sodium taken up per gm. of bone, hydroxj'apatite, 
dentin, and enamel are given in Table I for each of the final concentrations 
of sodium chloride. It is noteworthy that bone, which, in vivo, contains 
about 2 mg. of sodium per gm., is capable of taking about 7 times this 
quantity (14 mg.) from a 3 M sodium chloride solution. The sodium taken 
from the solution was never a large fraction of the total sodium initially 
present; thus bone took up 0.06 per cent of the sodium from the 3 m solution 
and 0.06, 0.2, 0.5, and 2.5 per cent from the more dilute solutions, respec- 
tively (Table I). 

The fact that sodium is adsorbed by bone as shown by the radioactive 
isotope raises the question of the mechanism. At least two reactions are 
possible, (1) Na“ marked with exchanges with Na“ or rvith other cat- 
ions,* or (2) sodium presumably as NaCl is adsorbed as a molecule. If 
the latter alternative is true, the change in chloride content should be 
measurable. Miss Loraine Haege, of the Department of Physiology, 
kindly analyzed duplicate 100 mg. aliquots of enamel before and after 
exposure to 3 m NaCl solution. Before exposure, the enamel samples 
contained 0.045 and 0.062 mg. of chloride, respectively. After ex-posure 
other samples contained 0.331 and 0.332 mg. respectively. The increase 
after exposure corresponds to about 2.8 mg. of chloride per gm. of enamel, 
which as NaCl would be accompanied b 3 ’ 1.8 mg. of sodium. Since enamel 
under these conditions has been shown to take up about 14 mg. of sodium 
per gm., the adsorption of molecular NaCl can account for only one-eighth 
of the total. In consequence, it may be suggested that the exchange of 
sodiiun from the solution with sodium or other cations of the calcified tissues 
is the more important mechanism of the adsorption process. 

The k values in the Freundlich (8) equation can be compared for phos- 
phate, fluoride, and sodiiun adsorption on the calcified tissues. Here, bone, 
dentin, and enamel give for the most part almost identical values; that is, 
the differences among the three tissues are much less than the differences 
among the adsorbing powers for phosphates, fluorides, and sodium. Com- 
pared to sodium (Table II), about 20 times as much phosphate is adsorbed 
at 40°, 5 to 7 times as much fluoride at 40°, and 1.2 to 0.3 times as much 
phosphate at 200° (15). This is not surprising, since phosphate exchange 
would provide for a large order surface reaction and since fluorides are 

_ * It is conceivable that Na’* raight preferentially e.xcbange with Ka” and thus 
pve a falsely high apparent rate of Na« turnover; this ia not held to be a likely 
occurrence. 
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known to react rapidly and quantitatively with calcium phosphates. The 
marked numerical similarity in k values for a given adsorbed substance on 
the three tissues may be taken as evidence of a common chemical unit 
responsible for the adsorbing surface in each tissue. 

Although onlj"^ a few analj'ses of the sodium content of enamel and dentin 
are available (16-18), these tissues contain more sodium than does bone; 
values from 2 to 9 mg. of sodium per gm. are given for enamel, from 2 to G 
rag. per gm. for dentin. From the adsorption isotherms (Fig. 1), the 
predicted values are approximately 0.7 mg. of sodium per gm. of enamel 
and 1 mg. per gm. of dentin. Better agreement has been found in the 
radiosodium data of Koss and Ginn (19). In dogs .sacrificed 12 hours after 
radiosodium administration, enamel had taken up or exchanged 0.5 to 1.0 
mg. of sodium per gm., dentin 1.3 to 2.0 mg. per gm. These values com- 
pare favorably with those predicted from adsorption studies. Whole teeth 
ashed with glycol-KOH still retained sufficient radiosodium to correspond 

Tabi-e II 


Adsorption of Various Jons by Calcified Tissues Compared to Sodium /Is Unity 


Ion 

Temperature 

Bone 

Dentin i 

Enamel 


'C. 




PO, 


25.2 

1 19.2 

22.4 

F 


i 6.9 

6.7 

5.4 

PO, 


i 1.1 i 

1.2 

0.3 

Na 

; 

1 1.0 j 

1.0 

1.0 


to about 0.3 mg. ol sodium per gm. It is possible that in these denser 
tissues diffusion is a limiting factor in the adsorption studies and that a 
greater exchange could be discovered in longer exposures. Some evidence 
in this direction can be gained from the studies of Kaltreider ct al. (3) and 
Koss and Ginn (19) on Dog 3. In this dog the bone radiosodium had 
nearly reached its highest value in 3 hours.’ In the incisors and canines of 
the same dog Koss and Ginn found only 25 to 30 per cent of the peak value 
in 3 hours and 50 to 75 per cent after 9 hours. It would be interesting to 
run sodium adsorption studies on enamel and dentin at prolonged intervals, 
for example at 12 to 24 hours. However, for enamel and dentin, until 
better analytical data are available, it is permissible to assume the same 
hypothesis as applies to bone and therefore that adsorption accounts for a 
major part of the sodium of these tissues. 

’ Compare the report of Manery and Bale (20) who found a 100 per cent increase 
m rat femur rndmsodium in the interval between 8 minutes and 12 hours after intra- 
pentoneal injection. Unfortunately no intermediate data were recorded. 
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SUMMARY 

1. Bone, dentin, and enamel take up sodium from solutions ot sodium 
chloride containing radioactive sodium. For each tissue the uptake is 
satisfactorily described by the Freundlich adsorption isotherm. 

2. Synthetic hydroxj'apatite under similar conditions also gives an ad- 
sorption isotherm. The isotherms for the calcified tissues are numerically 
similar to that for hydroxyapatite, from which it is inferred that the ad- 
sorption of sodium in the calcified tissues takes place on the surface of the 
mineral ultimate crystals. 

3. In amounts of sodium adsorbed, bone > dentin > enamel. This is 
the order of increasing crj'stal size and therefore of decreasing surface area 
of the ultimate crystals. 

4. The nature of the bone sodium has never been established. The 
finding that at blood sodium levels the amount of sodium found in bone in 
vivo may be predicted by the adsorption isotherm is not proof that the 
bone sodium is adsorbed in vivo. However, it may be said that the ad- 
sorbing power of bone is great enough to account for the sodium present 
in vivo. 
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During the course of an investigation of the effect of certain metabolic 
inhibitors on the fertilizing ability of spermatozoa it became necessary to 
know whether or not the effects of the inhibitors were reversible. The 
studies reported herein were undertaken to gain this information. 

In earher studies (1-3) of the reversibility of inhibition certain agents 
were added to counteract the effect of the inhibitor. Only a few inhibitor 
substances can be thus counteracted. A more widely applicable procedure 
is to study the metabolism of tissue slices (4), resting cells, or brei (5) in a 
medium containing an inhibitor. After a period of time the tissue is re- 
moved and the metabolism studied in a fresh medium. Reversibility of 
inhibition of sperm metabolism may be studied by the latter method, since 
the spermatozoa are easily centrifuged from the medium containing the 
inhibitor and can be resuspended in fresh media for experimentation. 

Methods 

The methods used for collection of bull semen, preparation of sperm 
suspensions, manometric measurements, and expression of results have 
been described elsewhere (6). Calcium-free Ringer-phosphate solution 
(7) at pH 7.0 was used as the suspension medium for the present studies. 
Motility observations were made and recorded as previously described (8). 
The inhibitors used were the purest commercial preparations available. 
When only relatively pure products could be obtained, they were further 
purified by recrystallization in the laboratory. When inhibition of respira- 
tion ^yas studied, solutions (pH 7.0) of the various inhibitors were added to 
the Warburg flasks and the spermatozoa were therefore in contact %vith the 
inhibitor during the 10 minute equilibration period as well as during the 
manometric measurements. 

In the experiments on reversibility sufficient inhibitor solution was 
added to an aliquot of the sperm suspension to give the same concentration 
of inhibitor as that finally employed in the Warburg flask. After mixing. 

Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station. Supported in part by a grant from the Wisconsin Alumni 
Research Foundation. 
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the sperm suspension was lielcl at room temperature for a given period. 
The control sample without inhibitor was likewise stored for an equivalent 
period so that the effect of “age” (9) would not be a disturbing factor. 
Both suspensions were then centrifuged and the spermatozoa separately 
suspended in fresh Ringer-phosphate solution for manometric measure- 
ment. Respiration of the treated sample was studied in Ringer-phosphate 
solution in the presence and absence of the inhibitor. This permitted 
studying the extent to which a given compound would inhibit respiration 
and the reversibility of the inhibitory effect. Aliquots and dilutions were 
carefully measured to keep tlie same sperm concentration in each flask. 
During the period of inhibitor treatment the density' of the .sperm suspen- 
sion and concentration of the inhibitor were t he same ns those finally used 
in the Warburg flasks. 

When glucose was added, the final concentration was 0.02 m. 

The inhibitors tested were selected because they had been previously 
shown to inhibit certain enzymatic reactions and we wished to determine 
the relation of enzymatic reactions to sperm motility and fertility.' 


Results 


The effect of various inhibitors on the respiration of ejaculated bull 
spermatozoa is shown in Table I. The revei*sibility of these eifects is 
shown in lable II. In ordei* to conserve space data for only* one level of 
each inhibitor are presented, except when ^’al•ious lc^'cls gave qualitatively 
different responses in regard to metabolism or fertility’.' 

Malonale This substance is known to inhibit succinic dehy’drogennso 
by' competing with the substrate succinic acid for the active groups on the 
enzy'me and its action is considered to be reversible. These studies show 
an inhibiting effect on the respiration of spermatozoa and it too is com- 
pletely reversible. Tlie effect of malonatc on motility' depends on the 
presence or absence of glucose, as will bo shown below. 

Benzoate— Since Jowett and Quastel (10) found that benzoate inhibited 
fatty' acid oxidation, it was of interest to try the effect of benzoate on sper- 
matozoa, as the endogenous source of energy is probably lipid oxidation 
(11, 12).^ When benzoate was in contact with the spermatozoa only during 
the equilibration period, inhibition of the endogenous respiration ^vas 
greater than the inhibition in the presence of glucose. That the inhibition 
was completely reversible is shown by the data in Table II. 

y roxyqumolinc Sulfate — This substance is of interest because of its 
use m certain contraceptive agents. At 0.001 ji it definitely inhibited 


RnW studios have been made in cooperation with Dr. L. Casida 
Robert Murplirco and will be published elsewhere. 
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respiration but did not adversely affect motilitj'. The inhibition of respira- 
tion was largely reversible. 


Table 1 

Efect of Inhibitors on Respiration of Bull Spermatozoa 


Zq^ (c-mm. Oi per 10* sperm cells per hr.) 


Inhibitor 

Concen- 
imion j 

Age 

Control 

Plus inhibitor 

of 

perm* 

Endogenous 

Glucose 

Endogenous 

Glucose^ 




1st 

hr. 

2nd 

hr. 

1st 

hr. 

2nd 

hr. 


I 

1st 

hr. 

2nd 

hr. 


it 

0.01 

krs. 

1.0 

17.3 

10.0 

10.8 

6.7 

4.4 


4.6 



0.01 

1.5 

15.1 

10.4 

11.4 

6.4 

8.3 

5.8 

9.0 

5.9 

Hydro.xyquinolinc SO* . . 

0.001 

0.01 

2.0 

1.5 

14.3 

14.2 

2.5 

9.7 


4.5 

0.7 


2.0 


Araenite 

0.02 

1.5 

25.3 

17.9 

20.6 

13.7 

1.7 

H 



Maleate 

0.001 

1.5 

15.1 

10.4 

11.4 

6.4 

12.9 

5.1 

10.4 

3.1 

(< 

0.0033 


4.4 

4.4 



(< 

0.01 

2.i» 


10.4 



0.0 

0.0 




0.01 

3.5 

17.0 

12.0 

11.9 

5.4 

1.5 

lilG 

2.8 

0.0 

Indole 

0.01 

2.0 


8.7 

13.0 


8.1 

|!k 

9.5 

1.6 

Cyanide 

o.ooit 

0.001 

0.001 

0.001 

1.0 

19.2 

5.0 


2.1} 

0.0 

11.8 

<C 

1.0 

1.0 

1.0 

18.2 

18.2 

9.6 

11.6 

14.3 


liffa 

0.0 


Azide 

11.6 

14.3 


8.2 

10.9 

7.5 

6.7 


Chloretone 


8.1 

9.3 

6.2 

(< 

0,003 

b.4 

8.7 

7.1 

7.8 

6.3 

7.1 

5.7 

lodoacetate 

0.00005 


17.4 

10.9 

13.2 

8.7 

20.0 

5.0 

14.4 

8.6 

1.3 


0.0005 

1.0 

11.3 

1.7 

9.1 

Hydroquinone 

0.00005 

0.00025 

2.0 

1.0 

13,7 

11.4 

14.0 

13.1 

10.9 

11.5 

IS.O 

0.0 

15.8 

16.2 

1.3 

13.4 

Quinone 

0.00025 

0.00005 

0.02§ 

0.0211 

1.0 

2.0 

2.0 

1.5 

11.4 
13.7 
17. £ 


10. G 
13.1 
13.C 
15.e 


0.0 

21.4 

13.7 


o.c 

20. G 
8.4 
4.2 


p-Phenylenediamine 

14. C 
8.7 

11. S 

17.3 

6.2 

15.7 

6.6 











* Time between collection of semen and placing Warburg flaaks in 37® bath, 
t No KCN in center cup. 

t calculated from the uptake of the first 20 minutes. 

§ The Bolution was 1 day old, kept in the refrigerator, and probably largely in 
the dimeric form. 

II The solution was 5 months old, kept in the refrigerator, and probably largely 
m the monomeric form. 

TThe readings in these two columns are negative. 

^ Fluoride -Lohmann and Meyerhof (13) have shovTi the reversible 
inhibition of fermentation by fluoride to be caused by the inhibition of the 













All Zo, readings listed are negative. 
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enolase which converts phosphogl 5 'cerate to phosphopynivate. Although 
tMs enzyme is the most sensitive to fluoride, a wide variety of enzymes is 
affected. In these studies fluoride reversibly inhibited respiration and 
motility of boidne spermatozoa. 

Arscnile and Selenite — It has been shown that selenite probably inhibits 
b}' combining with sulfhj’drjd groups of enzymes (14, 15). Both arsenite 
and selenite irreversibly inhibited sperm respiration. They had been 
previously shoivn to inhibit motility (8). 0.01 m arsenite irreversibly 
inhibited the endogenous respiration 53 per cent. Selenite at 0.002 m 
had no effect on respiration in the presence of glucose and inhibited endog- 
enous respiration 31 per cent. At this lower concentration the inhibition 
by selenite was reversible. 

Maleate — ^This substance also combines with sulfhydryl groups. The 
effect of maleate on respiration, motility, and fertility* of spermatozoa 
varied greatly with the concentration of inhibitor employed. 0.01 M 
maleate inhibited 90 per cent of the endogenous respiration and completely 
and irreversibly inhibited motility. When glucose w'as supplied, respira- 
tion was irreversibly inhibited but the inhibition of motility was reversible. 
With lower concentrations of maleate motility was more readily regained. 

Indole— Stotz and Hutchinson (16) have reported that indole inhibits 
brain respiration but does not inhibit its power to oxidize lactate or py- 
ruvate. Indole irreversibly inhibited sperm respiration both in the pres- 
ence and absence of glucose. Inhibition of respiration was proportional 
to the length of time the sperm was in contact with the inhibitor. The 
lowest concentration of indole tried (0.005 m) completely and irreversibly 
mhibited motility. 


Cyanide and Azide — Ivanov (17) found cyanide to inhibit respiration 
hut not motility of dog spermatozoa. The respiratory enzyme most readily 
affected by cyanide is cytochrome oxidase. Zittle and Zitin (18) have 
demonstrated the presence of this enzyme in bull spermatozoa. In the 
present work both azide and cyanide inhibited respiration. The effect of 
cyamde was almost completely reversible, w'hile that of azide w'as only 
partially reversible. An unusual observation w'as that azide was more 
armful to sperm motility in the presence of glucose than in its absence, 
he effect of cyanide on motility will be described below. 
la the direct measurement of oxygen uptake in the presence of cyanide 
is necessary to add KCN to the KOH mixture in the center well to pre- 
distillation of cyanide from the media into the KOH. The 
**dxtures used w^ere those recommended by Krebs (19). When 
present in the center cup, respiration w'as inhibited at first 
t a el) but the rate of respiration increased until at the end of an hour 
le rate exceeded that of the control. This, together with the data in 
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Table II, indicates the complete reversibility of the effect of cyanide on 
sperm respiration. 

Chlorelone — This narcotic inhibits brain rcs])iration and according to 
IMichaelis and Quastel "affects largely cithei' a .sjiccial flar'oprotcin or some 
component of the tissue respiratory .system ^\■hich plays an intermediate 
role between flavoprotcin and cytochrome o.xidasc” (20).- A concentration 
of 0.0028 M slightly inhibited respiration, ivhile lower concentrations ap- 
parently stimulated oxygen consumption. No appreciable effect on mo- 
tility was observed. 

lodoacetaic — The effect of this substance on glycolysis and motility was 
previously studied (8). Barron and Goldinger (21 ) have recent^" reported 
that iodoacetate and malonate greatly increase the respiration of sea urchin 
spermatozoa. With mammalian spermatozoa low concentrations of iodo- 
acetate stimulate oxygen consumption, while somewhat higher concen- 
trations first stimulate and then decrease the respiration (Table I), and 
still higher concentrations show onl}’’ inhibition. In experiments with 
rabbit spermatozoa similar results were obtained but a much lower con- 
centration of iodoacetate was necessary to obtain the stimulating effect. 

T\nien the data are plotted graphically, the curves showing the effects of 
various levels of iodoacetate on sperm respiration are strikingly similar to 
those obtained by Henle and Zittle (22) who studied the effects of various 
levels of gramicidin on bovine epididymal spermatozoa. This may offer 
an indication of the mechanism b}' which this bactericidal agent is effective. 

Iodoacetate inhibits sulfhj'dryl enzymes in general and is especially toxic 
to the phosphoglyceraldehyde dehydrogenase. The latter enzyme is of 
prime importance in the anaerobic phases of carbohydrate metabolism. It 
is probable that the increased oxygen consumption in the presence of the 
lower concentrations of iodoacetate is brought about by an inhibition of 
glycolysis (8) which in turn causes the sperm to depend on oxidative proc- 
esses for a greater portion of its energy (11). The inhibition by iodo- 
acetate of sperm respiration was irreversible and the inhibition of motility 
was only slightly reversible. 

Mydroquinone, Quinone, and p-Phcnylcncdiaminc — The effect of these 
substances on sulfhj'dryl-containing enzymes has been studied by Potter 
and DuBois.® The levels of these compounds effective in inhibiting the 
succinoxidase sy^stem’ did not inhibit the respiration of spermatozoa but 
• did cause inhibition. One ine,\plicable observation is that the 

inhibition of sperm respiration by 0.00025 m hydroquinone is reversible, 


a sludj of the pliysiological effects of chloretone as they relate to ascorbic 
acui synthesis \ve found (Lardy and Phillips, unpublished data) that chloretone does 
*p ' ' >e .avoprotcin d-amino acid oxidase of rat kidnev or liver. 

Potter, V. R., and DuBois, K. P., unpublished data. ' 
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while inhibition by quinone is irreversible (Table II). According to 
Potter (23) the inhibition by hj'droquinone is contingent on its o-vidation 
to quinone. In our experiments hydroquinone depressed respiration 
almost as much as did quinone; yet the effect of hydroquinone was com- 
pletely reversible, while that of qiunone was irreversible. Quinone 
completely and irreversibly inhibited motility. Hydroquinone also in- 
hibited motility but the effect was reversible and was lessened by glucose 
in some specimens. 

In one case treatment with p-phenjienediamine resulted in a tremendous 
increase in endogenous respiration. The spermatozoa used in this experi- 
ment were from a bull which frequently produced specimens having meta- 
bolic characteristics similar to epidid 3 ’mal spermatozoa, as described by 
Henle and Zittle (24); i.e., a low endogenous respiration which is greatlj' 
increased in the presence of glucose. Treatment of the spermatozoa for 
30 minutes with 0.00025 m p-phen 3 ienediamine brought the endogenous 
respiration to a level characteristic of normal ejaculated spermatozoa 
(Table II). After treatment the respiration in the presence of glucose was 
less than the endogenous, likewise a characteristic of ejaculated sperma- 
tozoa. Ho stimulation was observed when the p-phenylenediamine was 
left in contact with the spermatozoa. Further, the same concentration of 
p-phenylenediamine had no effect on respiration of normal ejaculated 
spermatozoa (Table II). Lower concentrations of both p-phen 3 iene- 
diamine and hydroquinone stimulated respiration (Table I). No effect 
on motilit 3 ' was obseived at these levels of p-phenylenediamine. It is 
possible that differences in metabolism between epididymal and ejaculated 
spermatozoa may be the result of such an activation of the oxidative system 
during maturation or b 3 ' accessory fluids of the genital tract. 

dl-GlyceraJdehyde — It is well known that gl 3 xeraldeh 3 ’-de inhibits glucose 
breakdown to lactic acid, 'tt'here tissue respiration depends on oxidation 
of glucose breakdown products it is likely that gl 3 ’'ceraldehyde W'ould also 
i^ibit respiration. In the .sperm, inhibition of both endogenous respira- 
tion and respiration in the presence of gluco.se occurred. Motilit 3 ’- wa-s 
likewise inhibited and the effects on both respiration and motility w’ere 
irreversible. 

The degree of inhibition produced by an old solution of gl 3 ’ceraldeh 3 ^de 
W’as much greater than that of a fresh solution. This indicates that in 
spermatozoa as well as in other glucolyzing tissues it is the monomeric form 
of glyceraldeh 3 'de that causes the inhibition. 

Effect of Siibsiraies on Inhibition of Motility — It was observed that the 
effect of certain inhibitors on sperm motilit 3 ' depended on the presence or 
absence of glucose in the suspension medium. The inhibitors in question 
were those known to affect the oxidative rather than the gj 3 xolytic proc- 
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esses. Table III shows the relation of glucose to the effect of the in- 
hibitors. Malonatc, C 3 ’^anidc, and benzoate, which were shown in Table I 
to inhibit respiration, also inhibit motility in the absence of glucose. 
When energj' was available to the sperm through the process of glycolysis 
(glucose present), these inhibitors were almost without effect on motility. 
That these substances do not inhibit gtycolysis is shown in the following 
paper (25). This is further evidence of the independent ability of two 
separate metabolic processes, i.e. o.vidative and glycolytic (12), to support 
motility. 

Fumarate, w'hich itself is not toxic to spermatozoa, failed to revive the 
motility of spermatozoa in the presence of malonate. This would seem to 
indicate that the inhibition bj' malonate was not limited to its blocking the 
citric acid cjmle, since fumarate relieves this type of inhibition. The 

Table III 

Relation of Glucose to Effect of Certain Inhibitors on Sperm Motility 


The semen was diluted with nn equal volume of Ringer-phosphate solution, 
centrifuged, and the spermatozoa suspended in sufTicient Ringer-phosphate solution 
to give 3 times the original volume of the semen; incubated at 30°. 


Sperm suspension plus 

Motility after 

0.5 hr. 

I 1.5 hrs. 

2.7 hrs. 

! 4.5 hrs. 

None 

6-b 

1 4-b 

4-b 

0 

Glucose, 0.02 m 

5-b 1 

5-b 

4-b 

2-b 

0.001 M cyanide 

1-f 

0 



Cyanide -b glucose 

5-b 1 

5-b 

5+ 

0 

0.01 M malonate 

1-b 

0 



Malonatc -b glucose 

6-b 

4-b 1 

3-b 

Few motile 

0.02 M benzoate 

4-b 

1-b 

0 


Benzoate -b glucose 

5-f 1 

1 

4-b 

3-b 

0 


possibility that fumarate does not penetrate the sperm has not been 
eliminated. 

Both Cu++ and Co++ were detrimental to sperm motility at levels which 
did not inhibit respiration. 


SUMMARY 

Ihe i'e\'ersibility of the effects of several metabolic inhibitors on sperm 
respii ation and motilitj' was studied and the following results obtained. 

1. Malonate, benzoate, fluoride, and h 3 ''droquinone inhibited the respira- 
tion and motility of ejaculated bull spermatozoa. The inhibition of both 
1 espiration and motility was largol 3 ' reversible. Hydrox 3 'quinoline sulfate 
reversibly inhibited o.xygen consumption, but had no effect on motility at 
the concentrations studied. 

2. Indole, maleate, selenite, arsenite, di-glyceraldehyde, and quinone 
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inhibited ’both respiration and niotiiity. The cScets were irreversible 
except that inhibition of motility by maleate was reversible in the presenee 
of glucose. 

3. Cyamde and azide inhibited sperm respiration, indicating the im- 
portance of the cjdochrome system in the respiration of these cells. The 
inhibition by cyanide was completel}’’ rev'ersible, that by azide only par- 
tially reversible. Azide depressed motilit}' and the effect was more marked 
in the presence of glucose. 

4. Malonate, cyanide, and benzoate inhibited motility in the absence of 
glucose but were relative^ non-to.vic in the presence of glucose. This is 
taken as further erddence for the ability of two separate metabolic processes, 
i.e. oxidative and glycolytic, to furni-sh energj' for motility of bull sperma- 
tozoa. 

5. Exposure of a specimen of bull spermatozoa, with a characteristic low 
endogenous respiration, to 0.00025 m p-phen3'lenediamine for 30 minutes 
increased the endogenous respiration G-fold. This phenomenon may be 
related to differences in metabolism between epididymal and ejaculated 
spermatozoa. 
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INHIBITION OF SPERM GLYCOLYSIS AND RE\TERSIBILITY 
OF THE EFFECTS OF METABOLIC INHIBITORS* 

By HEXRY a. lardy anp PAUL H. PHILLIPS 

(From the Department of Bjochemistryt College of Agriculture^ hniversUy of irisconjin, 

Madieon) 

(Received for publication, Februarj’ 18, 1943) 

In continuing the work on reversibilitj’ of inhibitors it was of importance 
to study inhibition and reversibilitj' of glj'colysis, since the latter process 
has been shomi to be the preferential source of energj' for sperm motilitj' (1 ). 

The methods emploj'ed were the same as in the preceding paper (2). 
Lactic acid was determined by the method of Barker and Summerson (3). 
The lactic acid content of an aliquot of the suspension of washed sperma- 
tozoa at zero time was subtracted from that present in the various flasks at 
the end of the experimental period to obtain the amount of lactic acid pro- 
duced. Lactic acid production was expressed as the equivalent of CO2 it 
would displace from a bicarbonate buffer (4.02 7 of lactic acid = 1 c.mm. 
of COj), as described previously (4), 

Reversibilitj’ of inhibition was studied as pre'V’iouslj’ described (2). An 
aliquot of the sperm suspension was treated with the inhibitor and held at 
room temperature for a given period of time. A second or control aliquot 
without adned inhibitor was likewise held. The specimens were then 
centrifuged and the spermatozoa were suspended in fresh media. The 
lactic acid production bj' aliquots of these suspensions was then studied to 
determine (1) the effect of the inhibitor substance on glj'colysis, (2) the 
reversibility of the effect, and (3) the effect of the inhi bitor after prolonged 
contact with the spermatozoa. Glucose in a final concentration of 0.02 m 
was used as the substrate in all experiments. 

Results 

The effect of various inhibitors on glj'colysis of washed bull spermatozoa 
and the reversibility of these effects are shown in Table I. 

Malonate and benzoate were almost completelj' without effect on sperm 
glycolysis. The very slight inhibition of lactic acid production in their 
presence was completely reversed when the spermatozoa were freed from 
the inhibitor bj' centrifugjng and suspended in fresh Ringer-phosphate 
solution. The lack of effect on glj’colyas is in agreement with the obsen'a- 

• Published with the approval of the Director of the Wisconsin Agricultural 
xpenment Station. Supported in part bj' a grant from the Wisconsin Alumni 
itesearch Foundation. 
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tion that these substances do not appreciably inhibit motility of sperma- 
tozoa in the presence of glucose (2). 

Cyanide likewise did not inhibit glycolysis and, ns shown in the preceding 
paper, it docs not inhibit motility in the presence of glucose. The tre- 
mendous stimulation (90 per cent) of glycol 3 'sis in the presence of cyanide 
was completely reversible. 

Azide, a respiratory inhibitor which has been considered to be similar in 
action to cyanide, greatly inhibited gljmolysis. The effect was almost 
entirely reversible. 


Table I 

Effect of Inhibitors on Glycolysis of Ejaculated Bovine Spermatozoa 


Inhibitor 

Conccnlrn- 

(lon 

1 

i 

Time of 
treatment 

Untreated 

[r 

Ttcaled with 
inhibitor and 
removed 

Control 

Inhibitor 
in fla&k 

No 

inhibitor 
in Cosh 

InhlbltM 
in Disl 

1- 

1 

AT 

min. 





Mttlonate 

0.01 

39 

17.9 

1G.7 

17.9 


Benzoate 


45 

21.5 

18.2 

23.0 

17.7 

Cyanide 


45 

20.8 

39.8 

21.7 

40.7 

Azide 

0.001 

40 

20.8 

C.8 

18.2 

5.7 

Maleate 

0.005 

50 

21.5 

29.2 

39.5 

28.2 

lodoacetate 

0.0001 

40 

21.5 

1.8 1 

3.8 

0.7 

Quinone 

0.00025 

35 

11.2 

0.0 

11.1 

0.4 

Hydroquinone 

0.00025 

35 

11.2 

17.7 

15.2 

20.8 

dl-Glyceraldehyde. . . 

0.02 

30 

17.0 

8.5 1 

0.0 

3.9 

Fluoride 

0.01 

39 

17.9 

0.0 

13.1 

0.0 

“ -h high Mg++* 

0.01 

39 

20.4 

0.0 

j 

10.0 

0.0 


Mg++ — 0.0063 M; normal Ringcr-phospUate solution contains 0.0012 M. 


The effect of maleate was unique in that it stimulated sperm glycolysis 
and the stimulation was increased by transfer of the sperm to a fresh 
mediuin. In these glycolysis experiments (in which glucose was present) 
the inhibition of sperm motility by maleate was largely reversible. In 
presence of maleate and glucose an energy-yielding process was functioning 
but apparently the inhibitor prevented utilization of the energy or pre- 
vented coupling the glycolytic process with motility. To check these 
possibilities phosphate partition studies were made. It was found that in 
spermatozoa stored in 0.01 m maleate the adenosine triphosphate content 
remained at the original level, while it decreased during storage in the con- 
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trol samples. Apparently maleate inactivates spermatozoa by preventing 
the utilization of the phosphate energj* store. 

lodoacetate at a concentration of 0.0001 M inhibited sperm glycolj'sis 92 
per cent and the inhibition was almost completely irreversible. In a more 
detailed study of the effect of iodoacetate on bull spermatozoa it was found 
that higher concentrations of iodoacetate complete^’' inhibited lactic acid 
production (5). 

Inhibition of glycolysis by 0.00025 m quinone was complete and re- 
versible. The reversibility of its effect on glycolysis is in sharp contrast to 
its effect on motility and respiration. Hydroquinone stimulated glycolj'sis, 
an effect wHch persisted even after transfer of the spermatozoa to fresh 
media. 

dl-Glyceraldehyde — Inhibition of tumor glycolysis by d/-glyceraldehyde 
was discovered by Mendel (6). Extensive studies at Cambridge and in 


Table II 

Effect of Pyruvate on Fluoride Inhibition of Sperm Glycolysis 


Spenn suspension 5n lUnger-phosphate-glucajM phis 

7 »Ir* 

1 

Motility at 

1 hr. 


9^ 6 

4+ 

0.02 mM pyruvate per ml 1 

27.4 1 

4-(- 

0.01 “ fiuoridp. ** ** 


0 


23..0 

0 




• Corrected for lactic acid content of each respective sample at zero time. Dif- 
ferent zero time values were obtained, depending on the presence or absence of 
pyruvate (3). 


other laboratories have shown that it is glucose breakdown which is in- 
hibited by monomeric glyceraldehyde, while lactic acid formation from 
glycogen is not affected. The exact mechanism of the inhibition is not 
known but apparently glyceraldehyde prevents the phosphorylation of 
glucose by hexokinase (7). 

Monomeric glyceraldehyde inhibited lactic acid production from glucose 
(Table I) and the inhibition was completely irreversible. 

Fluonde — Inhibition of sperm glycol 3 rsis by 0.01 sr fluoride was complete 
and in ordinary Ringer-phosphate solution was largely reversible. Ac- 
cording to recent work by Warburg and Christian (8) fluoride inhibits 
eimlase through the formation of a fluoride-magnesium-pbosphate complex 
which coiubines with the enzyme. In agreement with this is the observa- 
tion that increasing the Mg++ content of the medium decreased the re- 
versibility of the fluoride inhibition (Table I). 

Further studies on the reversibility of motility following fluoride treat- 
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ment were made. It was found that motility could be revived after 
storage for \ to 1 hour at 37° in the presence of 0.01 m fluoride but after 
hours storage no motility was observed when the spermatozoa were trans- 
ferred to new Ringor-phos]5hale solution. 'When bull .spermatozoa ivere 
stored in 5 mlk-buffor (9) at 10°, the}' could be almost completely inac- 
tivated by fluoride for periods up to 17G hours and following transfer to 
fresh, fluoride-free, yolk-buffer vigorous motility was resumed. Not all 
specimens could be revived after jirolongcd inhibition. 

Fluoride inhibition of glycolj'sis was relieved by the addition of pyruvate, 
as shown in Table II. However, pyruvate was ineffective in restoring 
motility after fluoride inhibition. 

DISCUSSION 

The study of the inhibition of various phases of sperm metabolism has 
yielded several interesting observations. The effect of some inhibitors 
(malonate and benzoate) on motilit}' could be c.vplained completely by 
their inhibition of respiration. These substances inhibited motility only 
when oxidation of endogenous substrates was the sole source of energ}' for 
motility. When glucose was supplied, motilitj' was not inhibited by 
malonate, benzoate, or cyanide and these substances were shown not to 
inhibit glycolysis, blaleate and hydroquinone at the levels employed 
apparently inhibited sperm motility b}' some mechanism other than specific 
inhibition of respiration. Both of these substances inhibited respiration 
and motility but stimulated glycolysis. Some evidence was obtained that 
maleate prevented utilization of phosphate energj' stores. If tliis were the 
only action of maleate, one would expect a decrease in rate of glj'colysis as 
a result of a lack of phosphate acceptors. 

The stimulation of glycolysis which occurs when oxidation is inhibited by 
cyanide and maleate might be explained on the basis of the Pasteur effect. 
Cyanide inhibition of sperm respiration was reversible, as was its stimu- 
lating effect on glycolysis, hlaleate inhibition of sperm respiration wa.s 
irreversible and the stimulation of glycolysis by maleate pemisted even 
after the spermatozoa were removed from the inhibitor and placed in fresh 
media. However, some speeimens of normal ejaculated bull spermatozoa 
do not produce appreciably more lactic acid under anaerobic conditioirs 
than they do in air (5).' Furthermore, malonate and benzoate inhibited 
respiration but did not influence glycolysis. If the effect of cyanide and 
maleate is a result of the Pasteur effect, these inhibitors must release a 
medianism not active in ejaculated spermatozoa under ordinary conditions. 

With regard to the action of fluoride the metabolism of spermatozoa 
resembles that of kidney extract more closely than that of yeast. In yeast 
the oxidation of phosphoglyceraldeh 5 'de to phosphoglyceric acid is coupled 

Lardy, H. A., and Phillips, P. H., unpublished data, 
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with phosphorylation (1,3-diphosphoglj’ceric acid is the intermediate con- 
taining a high energj' phosphate bond). Colowick el al. (10) w'ere unable 
to demonstrate phosphorylation of glucose by kidney extract during the 
breakdown of he.xose diphosphate in the presence of pyruvate and fluoride. 
In our experiments on pjTUvate reversal of fluoride inhibition, lactic acid 
was produced, indicating that pyruvate was reduced during oxidation of 
phosphoglyceraldeh 5 "de; yet this oxidation did not furnish energy for 
motility. It is possible that the energj' of this oxidation in spermatozoa 
is coupled with phosphorjdation and that fluoride inhibits motility by some 
non-specific effect. 

SUMMARY 

The effects of several metabolic inhibitors on glycolj'sis of ejaculated 
bovine spermatozoa were studied with the following results. 

1. Malonate and benzoate at concentrations of 0.01 m did not appre- 
ciably inhibit sperm glycolysis. 

2. Cyanide, maleate, and hj'droquinone stimulated glycolysis. The 
effect of cyanide was reversible, as was its effect on respiration, while the 
stimulating effect of maleate and hydroquinone on sperm glycolysis was 
not reversible. 

3. Quinone at 0.00025 M completely inhibited lactic acid production. 
This effect was completely reversible and in contrast to its irreversible in- 
hibition of respiration and motility. 

4. Fluoride (0.01 m) completely and reversibly inhibited glycolysis. 
Increasing the Mg++ content of the suspension medium decreased the 
reversibility of fluoride inhibition. P^uvate reversed fluoride inhibition 
of glycolysis but was ineffective in relieving fluoride inhibition of motility. 
In yolk-buffer some specimens of bull spermatozoa could be almost com- 
pletely inactivated by fluoride for several days and upon transfer to fresh 
yolk-buffer vigorous motility w'as regained. 

5. Inhibition by azide of sperm ^yeolysis was almost completely re- 
versible. Inhibitions by iodoacetate and df-glyceraldehj'de were irre- 
versible. 
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DETECTION OF NITROGEN FIXATION WITH ISOTOPIC 
NITROGEN* 


Bt R. H. BURRIS, -F, J. EPPLING, H. B. WAHLIX, and P. IV. WILSON 

(From the Departments oj Agricultural Bacteriology and Physics, University of 

Modhon) 

(Received for publication, March 5, 1943) 

Although a wide variety of biological agents has been credited vith the 
ability to fi-v molecular nitrogen, definite fi.xation has been established 
only for Azolohader, Closlridium pasteurianum, certain blue-green algae, 
and Rhizobium sp. in association with leguminous plants. Among other 
agents for which nitrogen fixation is claimed are germinating pea seeds 
(1), willow cuttings (2), non-leguminous plants (3), fungi (4), Actinomyces 
(5), yeasts (6), sterile soil (7), wheat rust (8), free living Rhizobium (9), 
excised root nodules with added oxalacetic acid (10), and cell-free prepara- 
tions of Azotobacler (11). The data in support, however, are seldom con- 
vincing, and in a nmnber of cases attempts bj’ other workers to confirm 
the observations have failed (12-14). 

Positive claims of nitrogen fixation have generally been based upon 
analyses for total nitrogen by the Kjeldahl method, a method which is 
not always reliable when used to detect small increases in the nitrogen 
content of materials initially high in nitrogen (12, 15). As the use of 
isotopic nitrogen to establish nitrogen fixation is not subject to the limita- 
tions of the Kjeldahl method (16-18), it has been applied for tests of a 
number of biological agents alleged to fix molecular nitrogen. The results 
nith barley and the root nodule organisms associated with and in the ab- 
sence of leguminous plants have been reported in previous publications 

(17, 18). 


Methods 

All experiments except those nith excised nodules and nodulated roots 
were conducted aseptically. Fig. 1 shows the apparatus used inmost tests. 
The culture vessels of 20 and 125 ml. (illustrated) capacitj' are similar to 
Warburg flasks but are provided with indents in a straight neck designed 
so as to retain a cotton plug. These vessels are equipped with inter- 
connecting side arms which can be used singly or in pairs; the side arms 
can be rotated to pour solutions from one side arm to the other or from the 
side arms to the main vessel. They are replaced with solid 14/20 standard 

* This work v.'as aided by gtants from the Rockefeller Foundation and from the 
Misconsin .Mumni Research Foundation. 

349 


350 


NITKOGEN FIXATION 


taper plugs when delayed addition of solutions is unnecessary. The culture 
vessels are attached 2-1/40 standard taper joints to a six place manifold 
(a three place manifold is attached in parallel to the manifold illustrated). 
A gas sampler containing 1 ml. of KOH solution (GO per cent) and ap- 
proximatelj" 150 mg. of dry p3’TOgallol in separate sacs is attached to the 
top of the manifold. The reservoir of gas to bo added is connected at 
Stop-cock A, and the entire s^'Stem, exclusive of the 2 liter bulb, is evacu- 
ated through Stop-cock B with a Hj'vac pump. Gases are added through 
Stop-cock A to the proper level, as indicated bj' the mcrcurj’ manometer. 
The manometer is connected to the manifold through a dry ice freezing 
trap, which prevents mercur}' vapor from entering the culture vessels. 

After gases arc added, the gas sampler is removed, and the KOH and 
pyrogallol mixed to absorb Oi; tlic Nj remaining is analj'zcd to determine 



Fio. 1. Apparatus for testing nitrogen fixation by biological agents 


the concentration of supplied in a particular experiment. The 2 liter 
bulb, previously filled with oxygen to the final pressure anticipated for the 
main system, is then opened to the manifold. Carbon dioxide produced in 
the culture vessels is absorbed by 60 per cent KOH solution in the center 
wells; hence as O 2 is respired, it is replaced by O 2 from the 2 liter reservoir. 
The 20 cm. section of capillary tubing (1 mm. bore), connecting the oxj''gen 
reservoir to the manifold, limits back diffusion of gases into the reservoir. 
The culture vessels are immersed in a water bath maintained at the desired 
constant temperature. After incubation the cultures are harvested and 
digested in 100 ml. Kjeldahl flasks, udth copper selenite and potassium 
peimanganate for catalysts. The ammonia in the digest is distilled into 
dilute sulfuric acid and the ammonium sulfate nitrogen converted to 
molecular nitrogen with alkaline hypobromite, as described bv Ritten- 
berg et al. (19). 
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The precision of the mass spectrometers emploj-ed, Blealmey (20) and 
Nier (21) t 3 -pe instruments, is about 0.02 atom per cent Although 
the over-all accuracj" of the various manipulations is somewhat less,* 
a fixation of N- containing 34 atom per cent excess lx** should be detected 
even with a 1000-fold dilution of the fixed nitrogen b\" normal nitrogen 
alreadj' piesent in the biological agent. 

Molecular nitrogen is convenientlj' prepared from ammonium salts b\' 
freeing ammonia nith alkali and circulating the ammonia gas over hot 
copper oxide (duU red heat) bj^ means of a Toepler pump. Care must be 
exercised in the preparation of the nitrogen gas to rid it of all traces of 
ammonia and oxides of nitrogen. Bj' adding o.xj’gen to the nitrogen anj' 
nitric o.xide present will form higher oxides which can be readily’’ frozen 
out in a liquid air trap. To displace the gas into culture vessels 20 per cent 
sodium sulfate in 5 per cent sulfuiic acid sen'es as a suitable confining 
liquid. After some of this solution is admitted into the gas storage bulb, 
shaking will remove anj' trace of ammonia that has escaped the freez- 
ing trap. 


Tests on Biological Agents Known to Fix Free Nitrogen 

The reliability of the isotopic method for detection of nitrogen fixation 
was readilj' demonstrated in trials with organisms whose ability tO fix 
elemental nitrogen is well established. T3'pic3l results with these agents 
are given. 

Azotobacter — Azotobacter vinelandii, gromi for 33 hours at 30° in Burk’s 
(22) nitrogen-free medium in an atmosphere containing 28.0 atom per cent 
N** excess nitrogen gas, fixed the isotope rapidly. The final concentration 
of N'* in the cells was 27.14 atom per cent e.xcess. 

Algae — A pure culture of the blue-green alga N'osloc muscorum, kindl 3 ^ 
furnished b 3 '' Dr. F. E. Allison, %vas grown for 8 da 3 's in Allison’s 0.5 per 

'■ A Nicr (21) type mass spectrometer, constructed in the ph 3 -sics department of 
the University, has been used for most determinations. In his thesis, which is on 
file in the University Library, Eppling describes the construction and operation of 
the instrument in detail. An estimate of the over-all accuracy of the various pro- 
cedures employed was obtained b 3 - statistical treatment of the data from the air 
controls. According to Rittcnberg el al. (19) the content of such material should 
be 0.36S atom per cent. Pooling the air controls from all e.vperiments and thus 
securing a population from diverse biological materials, we secured forty-two sepa- 
rate estimates of the normal content of such materials. The mean value was 
0.354 atom per cent; the standard delation of the population was 0.009S atom per 
cent. These values suggest that a single sample should e.vceed the air control bv at 
least 0.04 to 0.05 atom per cent before Rsation is indicated. The means of duplicate 
samples should differ bj' 0.03 atom per cent for significance. Similarlj-, if negative 
deviations equal to or exceeding these values arc obtained, the various methods 
shoula be examined for sources of error. 
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cent sucrose medium for algae (23) at a temperature of 28® in an atmosphere 
containing 28.0 atom per cent N'® excess nitrogen gas. Under these con- 
ditions 7.64 atom per cent excess of N'® accumulated in the cells. 

Closlridiiim pastcurianum — Closlridiinn pastcitrtanum, Strain 5S of the 
Wisconsin collection (24), Avas grown from a .si)orc stock through one trans- 
fer in a liver-sucrose medium. A 1 j)cr cent inoculum was transferred to 
Burk’s (22) nitrogen-free sucrose medium to Avhich 1 per cent of calcium 
carbonate Avas added. The culture flask Avas cA'acuated and 120 ram. of 
nitrogen gas of 34.0 atom per cent excess N'® added. After incubation 
for 36 hours at 30° the culture Avas digested and analyzed. The presence 
of 4.665 atom per cent N'® excess in the cells demonstrated acti\ra nitrogen 
fixation. 


Table I 


Test of Fixation by Gcrminalinq Peas 


N“ excess over air 
controls 

Canada, field peas, 15-16°, 15 days, 15.0 atom % N'® e.xcoss Nj 
H2O 

elffm per (enl 

0 

0.37^0 MgSO^ 

0.004 

-0.019 

-0.005 

Q grp, 

1.00% caffeine 

Kurpnso peas, 12-15°, 13 days, 34.0 atom % N‘® excess N-. 
lijO 

t( 

0.018% MgSO«. . . 

0 004 

0.15% strychnine nitrate. 

0.009 


Tests on Biological Agents Alleged to Fix Free Nitrogen 

FolloAving these experiments, extenshra tests Avere made on several 
10 ogica agents AA'hose ability to use free nitrogen has been claimed by 
one or more investigators but not confirmed by others. 

enamaimp Peas Canada field peas and Surprise peas, made bacteria- 
lec AAi ^ per cent alcohol folloAA’^ed by calcium hypochlorite solution, 
were germinated in an atmosphere containing oxygen and N"®-enriched 
nitrogen gas (unless otherivise noted 32 to 34 atom per cent N'® excess gas 
as supp le in all experiments). Conditions Avliich Vita (1) described 
• ^ nitrogen fi.xation, i.c. a temperature of 10-15° and ger- 

SO utions of magnesium sulfate, caffeine, or strychnine, Avere 
Thp '■ m germinated Avell and formed shoots several cm. long, 
error of increases in N'® exceeding the experimental 

N‘® ^ Tables I to IV are reported as atom per cent 

^ <^^cess over the N>® content of air controls. 
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Free Living Rhizohium—Rhizohium trifolii, Wisconsin Strain 205, was 
groR-n for 3 days at 28° in Allison’s (25) medium containing biotin con- 
centrate, 0.5 per cent sucrose, and 0.02 per cent ammonium chloride (Ex- 
periment 1, Table II). The cells were removed from the medium by 
centrifugation, washed once, and resuspended in sterile Allison’s medium 
which was complete except for combined nitrogen. The atmosphere con- 
taining excess molecular nitrogen was added, and oxygen was supplied 
as needed. After 10 days incubation the culture w'as digested and 
analyzed. In Experiment 2 three species of Rhizohium were tested as 
described except that the cultures were grown for only 26 hours before 
being washed and placed under N'® for 5 daj's at 28°. Extracts from tops 


Table II 

Test of Fixation by Free Living Rhizohium 


ExperN 

ment 

No. 

CondiUons 


N** excess 
over air 
controls 

1 

23°, 10 days, 34.0 

R. trifolii 205 

atom 

Per cent 

0.010 

2 

atom % N“ ex- 
cess Ni 

28°, 5 days, 32.0 

“ meltlolt 100 

-0.006 


atom%NU ex- 

“ trifolii 205 

0.001 


cess Nj 

“ leguminosarum 302 

0.010 

3 

2T, 2 days, 25.0 

“ " 302 -f pea root extract 

“ “ 302 “ top 

“ “ 302 

0.007 

0.006 

0.001 


atom % N“ 

“ “ 302 -1- adenosine triphos- 

-0.001 


excess Nj 

phate 

R, leguminosarum 302 + denodulated pea 
roots 

0.001 


and roots of the pea plant were added to Rhizohium leguminosarum, the 
specific organism for this legume. The cells used in Experiment 3 were 
cultured as in Experiment 2. No increase in N‘=, beyond the experimental 
error, was observed in any experiment. 

Cell-Free Preparations from Azotohacler — Azotobacter vinelandii was grown 
in liquid culture, and cell-free preparations were made as described by Lee, 
Burris, and Wilson (26). A preparation, which had been filtered through 
a Berkefeld N filter and which showed no growth when added to Burk’s 
(22) nitrogen-free medium, was supplied ivith 6.4 atom per cent N“ excess 
nitrogen gas and oxygen. After 9 hours incubation at 25° the material was 
digested and analyzed. As shown in Table III, Experiment 1, no evidence 
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of nitrogen fixation be3’ond the experimental error of the anab’sis ^Yas ob- 
tained. In Experiment 2, several substrates were supplied in an effort 
to induce fixation bj’ the enz.vmc preparation. In each instance 10 mg. 
of substrate in 1 ml. of watci’ u'ere added from f lic side arm to 4 ml. of a 
cell-free preparation n liieli had been made from a 22 hour culture of Azolo- 
badcr vindandii . None of the compounds tested, cither alone or a mixture, 
induced detectable fixation during the incubation period of 24 hours at 
25° in 20.0 atom per cent excess N* (Experiment 2, Table III). 

Excised Nod^dcs — Nodules from lcguminou.s plnnt.s vigorously fixing 
nitrogen were removed, rinsed in cold water, immediatclj' placed in flasks 
containing neutral sodium oxalacetate, .sodium a-ketoghitarate, .sodium 
.succinate, plant .sap, or rvatcr, and .supplied an atmosphere containing 
oxygen and N'®-cnrichcd molecular nitrogen. After incubation, the entire 
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Test of Fixation by Cell-Free Preparations oj AzoiobacUr vinclandii 


Experi- 

ment 

No. 

i 

Conditions 

Substrate added 

1 

excess 
over air 
controls 

1 

1 

1 

25°, 9 hrs., 0.4 atom 

1 

1 

1 

None 

olcm 
fer cenl 

0.002 

2 

% N'5 C.XCCSS Nj 

25°, 24 Ill's., 20.0 atom 

ocKctoglutarato 

-0.005 


% N ‘5 excess N 2 

Glucose 

-0.007 


j 

i 

! 

lloxose diphosphate 

Adenosine tripliosphatc 

2 mg. each of above and 2 mg. oxalace- 
tntc 

-0.004 

-0.004 

-0.003 


flask content was digested and the nitrogen converted to the molecular 
form for analysis. 

Examination of Table IV shows that the results for fixation by excised 
no u es a,ie erratic, and that the occasional occurrence of fixation cannot 
c associated definitelj’^ with the presence of a particular substrate. 

lereas in one^ experiment succinate and a-kotoglutarate may appear to 
a\oi xation, in another experiment oxalacetate may assume this r51e. 
buch inconsistency might arise from (a) fixation supported by some es- 
sential substrate derived from the host plant whose normal concentration 
in ttie nodules is low and variable, or from (6) fixation by non-symbiotic 
m logen-hxing organisms appearing as contaminants. The latter must 
e am j e consideied as a possible explanation, for unlike the other tests, 

conducted asepticallJ^ The crucial experi- 
i-pmov ^ nodules will have to be performed on nodules grown and 

removed under baeteriologically controlled conditions. 
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Excised Nodulated Roots — ^AVhereas evidence of fixation was obtained 
only occasionallj' with excised nodules, the excised nodulated roots, t.c. 
entire root sj'stems bearing their nodules, consistently fixed small but 
readily detected quantitites of N'“ (Table IV). These results suggest that 
the root sj^stem contains some substance, probablj^ formed in the tops, 
which is essential for fixation in the nodule and that enough remains in 

Table IV 

Test of A'** Fixation by Excised Nodules and Nodulated Roots 


The values arc expressed as atom per cent N'^ excess over air controls. 



■ 

n 

■ 



Substrate added 

ihO 

a-KclO- 

glutarate 

Oxal> 

acetate 

Succinate 





ohm 

ohm 

ohm 

altm 

ohm 





per cent 

per cent 

per cent 

per cent 

per cent 

Cow-pea nodules 

1 

25 

24 

6.4 

-0.021 

-0.009 

0.000 



2 

24 

24 

32.0 

0.026 

-0.013 

0.011 

-0.033 

Soy bean " 

3 

28 

25 

6.4 

-0.004 

-0.013 




i 

24 

24 

32.0 

-0.032 


0.490 

-0,002 

Canada field pea 

5* 

28 

26 

6.4 


0.001 

-0.001 


nodules 

8 

12 

70 

34.0 


0.057 

-0.003 

0.113 


7 

20 

50 

34.0 


-0.014 

-0.009 

-0.015 


8 

28 

24 

34.0 


0.051 

-0.031 

0,002 


9 

19 

27 

34.0 


-0.034 


-0,010 


lot 

20 

24 

25.0 

0.007 

-0.007 

0.155 



n 

17 

44 

25.0 

0.036 

0.014 

0.004 







0.037 

0.001 

0.004 


Uanada lield pea 

12 

21 

24 

34.0 

0.076 

0.011 

0.161 


nodulated roots 

13 

19 

24 

34.0 

0.266 

0.429 

0.184 


Cow-pea nodulated 

14 

24 

24 

32.0 

0.412 




roots 









Soy bean nodu- 

15 

24 

24 

32.0 

0.577 


0,593 


lated roots 









‘When pea top sap was supplied as substrate, the nodules contained 0.005 atom 
per cent N'® excess. 


t Values of 0.026, 0.001, and 0.035 atom per cent N’® excess were obtained with 
added adenosine triphosphate, added calcium he.xose dipho.sphate, and with high 
oxygen tension (pO, = 0.80 atmosphere), respectively. 

the root system to .support fixation for a short time after the roots and tops 
are separated. 


DISCUSSION 

Azotobacter vinelandii, Nostoc musconim, Clostridium paslcurianum, and 
moculated clover plants (17) accumulate high levels of N"' when molecular 
nitrogen enriched with is supplied. Such results are to be e.xpected. 
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for tlic nitrogen-fixing capacity of these organisms is well cstablislicd. 
Ainong otlicr biological agents tested, only excised nodulated roots have 
consistently given positive evidence of fixation. Less frequently 
e.xcised nodules also fixed N'®, but in both eases the possibility of asyra- 
biotic nitrogen fixation was not excluded. Final decision must await 
tests made under more rigidly controlled conditions. Peas of two varieties, 
germinated under conditions described by Vita (1) as most favorable for 
fixation, failed to assimilate molecular nitrogen. Likewise,, under the 
conditions tested to date, we hav'c been unable to demonstrate fixation by 
free living species of the root nodule bacteria (RMzobium) or by cell-free 
preparations of Azotohacler vindandti. Because of the significance of the 
results with these two agents for the mechanism of the process, experi- 
ments will be continued in an effort to find conditions which will induce 
such fixation. As already reported (17) we have not succeeded in demon- 
strating fixation by barley plants or by clover in the absence of the specific 
organism, Rhizohiwn trifolii. 

Small apparent increases in nitrogen content have been cited as evidence 
for nitrogen fixation by such a variety of living agents that if all these 
reports were accepted it w'ould lead to the conclusion that biological nitro- 
gen fixation is a wide-spread phenomenon in nature. Application of the 
isotope provides an approach to the problem analogous to the use of 
radioactive and stable isotopes of carbon for detecting carbon dioxide 
fixation. Whereas tests rvith isotopes have revealed hitherto unsuspected 
examples of carbon dio.xide fixation and have suggested that living cells in 
general are able to fix carbon dioxide, tins ubiquity has not been evident 
with nitrogen fixation. The well established nitrogen fixers assimilate 
high, easily detected, concentrations of molecular N'^ but e.xcept for 
excised nodules none of the “questionable” agents has fixed N’® bcjmnd the 
experimental error of the sensitive isotope method. The evidence sug- 
gests that the ability to fix molecular nitrogen is veiy I’cstrictcd in nature. 
It appears desirable that future claims of biological nitrogen fixation in- 
volving but small increases of nitrogen content should bo accompanied, 
vvhenever possible, by evidence that the agent in question will assimilate 
N'^ supplied as molecular nitrogen. 

SUMMARY 

^ Since the fixation of molecular N*' is a much more sensitive and reliable 
in ex of nitrogen fixation than is total nitrogen analysis, the isotope method 
has.been used to test a variety of biological agents for their ability to as- 
simi ate free nitrogen. The method is especially useful for nitrogen fixa- 
tion experiments vvith media or materials initially high in nitrogen. 

e rce living nitrogcn-fi.xing bacterium, Azolobaclcr vindandii, the blue- 
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green alga, Nostoc Tmtscorum, the anaerobic bacterium, Closlridium pas- 
(curiamtm, and inoculated red clover plants, which arc known to fix molec- 
ular nitrogen, assimilated 100 to 1000 times the quantity of molecular 
N’® necessary for detection. 

Claims have been made that germinating peas, excised root nodules 
from leguminous plants, free living Rhizobiiim, and cell-free preparations 
of Azotobader can fix molecular nitrogen, but these claims have not as yet 
been confirmed. Under the conditions employed, fixation of molecular N'* 
exceeding the experimental error of the sensitive isotope method was ob- 
tained only with excised nodules, and with these the possibility of non- 
sjTnbiotic fixation was not excluded. Fixation was consistentty obtained 
with excised nodulated roots of the pea plant. 

It is concluded that the ability to use molecular nitrogen is limited to a 
few organisms. 
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THE EXCRETION OF ASCORBIC ACID, THIAMINE, RIBOFLA- 
VIN, AND PANTOTHENIC ACID IN SWEAT 

By DAVID M. TENNBNT and ROBERT H. SILBERS 

(From the Merch Instiivle for Therapeutic Research, Rahway, New Jersey) 

(Received for publication, March 10, 1943) 

In studies of human nutrition under tropical conditions it is important 
to consider the loss of vitamins in sweat. Bock and Dill (1) have shown 
that a man may lose 20 potmds of sweat in walldng 32 kilometers in 7 
hours at a shade temperature of 40°. If tntamins are excreted to any extent 
in the sweat, it is evident that such a loss may have serious consequences. 
The amoimts of ascorbic acid and of thiamine in sweat have been deter- 
mined by several investigators. The ascorbic acid content of human 
sweat was foxmd by Bernstein (2) to vary from 0.5 to 1.1 mg. per cent, by 
Co mbleet. IHein, and Pace I 3) from 0.55 and 0.04 mg. per cent, by Wright 
and MacLenathen (4) fro^O.024 to 0.186 mg. per cent, and by Hardt and 
Still^(5^om 0.18 mg. per cent in subjects who were given no ascorbic acid 
to O.^Smg. per cent in subjects given 750 mg. of ascorbic acid. In thermal 
s^veat Slater ( 6 ) found 0 to 7 7 of thiamine per liter, and Hardt and Still 
(5) found 1.5 7 per ml. in a pooled sample from four subjects, one of whom 
took 50 mg. of thiamine 1 hour before sweating. In sweat induced by 
exercise Hardt and Still (5) found averages of 83 and 90 7 of thiamine per 
liter from subjects who took no thianune and averages of 445 and 4540 7 
per liter, depending upon the procedure used, from subjects who took 50 
mg. of thiamine orally. 

Since the results obtained by previous investigators are not in agreement, 
further investigation of this problem seemed desirable and controlled ex- 
periments along these lines were undertaken in this laboratory. Thermal 
sweat and sweat induced by exercise were analyzed for ascorbic acid, thi- 
amine, riboflavin, and pantothenic acid in human subjects with and without 
previous vitamin dosage. For the purpose of comparison the amounts of 
thiamine, riboflavin, and pantothenic acid excreted in the urine during 
the period of sweat collection were also determined. 

Methods 

Analyses of the sweat and urine samples were begun immediately after 
sweat collection, since it was found that samples which were allowed to 
stand in the refrigerator occasionally developed changes in the thiamine, 
riboflavin, and pantothenic acid content. 

Ascorbic Acid and Dchydroascorbic Acid — For the determination of 
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ascorbic acid 20 ml. volumes of filtered sweat, collected in sulfuric acid as 
described under “Procedure,” were further acidified by the addition of 2 
ml. of N sulfuric acid and titrated with a 2,6-dichlorophcnol indophenol 
solution, of which 1 ml. was equivalent to 20 ml. of a 0.1 mg. per cent 
solution of ascorbic acid. Dehj'droascorbic acid was determined in ten 
of the experiments by the method of Roc and Hall (7), This method ^Yas 
made more sensitive by increasing the volume of the samples used from 3 
to 10 ml. 

Thiamine — For the determination of thiamine, 40 ml. of filtered acid 
sweat was adjusted to 0.1 n with n sulfuric acid, buffered to pH 4.4 by 
the addition of 2 ml. of 2.5 m sodium acetate solution, and put through base 
exchange columns containing Dccalso. The thiamine was eluted from the 
columns with 25 per cent KCl in 0.1 N HCl. 5 ml. portions of the ehiate 
were oxidized with 0.03 per cent potassium ferricyanide in 15 per cent 
sodium hj'droxidc, and the thiochrome was extracted ivith isobutanol. The 
fluorescence of the isobutanol solutions was road in a Pfaltz and Bauer 
fluorophotometer. For the determination of thiamine in urine, 5 ml. 
samples were acidified with 2.5 ml. of n sulfuric acid, buffered by the Ad- 
dition of 1.25 ml. of 2.5 Ji sodium acetate solution, and diluted to 25 ml. 
Aliquots which contained approximately 5 7 of thiamine were put through 
base exchange columns, eluted, and oxidized in the usual manner. 

Riboflavin and Pantothenic Acid — Riboflavin and pantothenic acid Yvere 
determined by the methods of Snell and Strong (8) for riboflavin and of 
Pennington, Snell, and AVilliams (9) for pantothenic acid by the technique 
of Silber and Mushett (10). 


Procedure 

In these experiments both thermal sweat and sweat induced by exercise 
have been studied. The subjects were healthy ymung male volunteers. 
All of them remained on their normal diet, but a part of them was given 
supplementary vitamin doses in the study of each ty^pe of sweating, con- 
sisting of a total of 250 mg. of ascorbic acid, 50 mg. of calcium panto- 
thenate, 10 mg. of thiamine chloride, and 10 mg. of riboflavin daily in two 
01 al doses during the week preceding sweat collection to insure majdmal 
tissue levels of these vitamins. On the day of the experiment the dosed 
subjects took 1000 mg. of .ascoi-bic acid and 50 mg. each of calcium panto- 
thenate, thiamine chloride, and riboflavin -J- hour before the beginning of 
the sweat collection. This time interval had been arrived at from two 
4 hour excretion experiments which are reported below. All subjects took 
200 ml. of ivater at this time. 

Fach subject took a hot shower followed by a cool shower and emptied 

IS ad er bcfoi'o entering the hot room. Sweating was induced in a 
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specially built insulated room in which the temperature and humidity could 
be maintained at any desired level. The subjects were unclothed for all 
of the experiments. For the collection of thermal sweat they stood in 
stainless steel pans at a temperature of 41.7-43.3° and a relative humidity 
of 60 to 70 per cent determined from sling psychrometcr readings. For 
the collection of sweat induced by exercise they sawed wood at a tempera- 
ture of 31-34° and a relative humidity of 80 to 85 per cent. A copious 
flow of sweat usually began nithin 15 minutes. This was collected by con- 
tinuous sponging of the entire body with cellulose sponges' and delivered 

Table I 


Thiamine, Riboflavin, and Pantothenic Acid Excreted in Four Honrs* 


Subject 

Time 

Sweat 1 

Urine 

Volume 

Total 

thiamioe 

Total 

ribo- 

flavin 

Total 

panto- 

thenic 

acid 

Volume 

Total 

thiamine 

Total 

ribo- 

flavin 

Total 

pantn- 

thcnic 

acid 



ml. 

7 

7 

7 

ml. 

■1 

7 

n 

jp 

t 





WESm 


550 

BO 


Ist hr. 

08 

1.0 

3 

40 

111 


3000 



3rd i hr. 

218 

2.0 

9 

50 

12 

118 

1000 

1200 


4lhi “ 

162 

0.9 

4 

15 

14 

187 

1300 

1100 


5th 1 “ 

116 

0.5 

4 

12 

23 

205 

ISOO 

1300 


6th i “ 

120 

0.7 

10 

12 

19 

192 

1700 

1000 


7th 1 » 

125 

0.4 

7 

13 

35 

144 

1200 

700 


8th 1 “ 

96 

0.5 

4 

10 

96 

119 

1000 

850 

RHS 

t 





66 

38 

200 

700 


1st hr. 

555 

3.8 

6 

70 

38 

59 

450 

350 


3rd i hr. 

251 

■a 

2 

18 






4th i “ 

.262 

IS 

2 

17 

12 

222 

3000 

2300 


5th i “ 

244 

HI 

2 

13 

6 

146 

1500 

1000 


6th i “ 

258 

III 

3 

14 

4*- 

90 

2200 

520 


7th \ “ 

242 


2 

10 






8th 1 “ 

207 

1.0 

1 

8 






* No ascorbic acid was found. 

1 1 hour period for control urine. 


into two amber bottles, one of which contained 10 ml. of n sulfuric acid and 
the other toluene. Quantitative collection of the sweat was possible in this 
manner. The acidified sweat was used for ascorbic acid and thiamine 
determinations and that collected under toluene was used for pantothenic 
acid and riboflavin determinations. At the end of an hour the experiment 
was stopped and the xu-ine excreted during this time was taken for analysis. 

* The sponges used were du Pont fine pore, cellulose film sponges, 31 X Sf X 1 5 
inches, which were cut in half. They were autoclaved and rinsed well with water 
before each c.\periment. 
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Experiments iverc performed to determine the accuracy of the sweat 
collection technique. Neutral aqueous solutions of the vitamins were col- 
lected W'ith a sponge, as in the sweat collection experiments, and delivered 
into acid and into toluene. When these solutions ivcrc analyzed for the 
vitamins, the recoveries were within the limits of error of the analytical 
methods. 


Taui.k II 


Thiamine, Riboflavin, Pantothenic Acid, and Dchijdroascorbic Acid Excreted in 1 Hour' 


Sweat 

Subject 

Sweat 

Uiine 




Total 1 
panto* 
thtnic ' 
acid 

Total 

dc- 

Ijydro* 
ascorbic 
add 1 

Volume 



ToUl 

paQlo- 

thcnic 

acid 



ml. 

y 

y 

y 

Mff. j 

ml. 

y 

Y 

T 

Tliennal ; 

MK 

170 

0.2 

3 

15 


22 

1.3 

20 

70 

subjects 

DT 

370 

0.3 

11 

15 


21 

1.5 

3 

35 

not dosed 

JG 

‘123 

0.2 

13 

30 


31 

2.0 

13 

80 


AS 

'MO 

0.2 

13 

IS 


103 

1.6 

140 

390 


MA 

590 

0.8 

20 

45 

1.2 

2C 

0.6 

20 

52 


LH 

057 

2.5 

10 

13 

0.4 

26 

4.0 

34 

44 

Thermal ; 

ED 

235 

0.7 

3 

25 


30 

278 

1900 

2300 

subjects 

WO’S 

508 

2.3 

35 

150 


14 

165 

1500 

1000 

dosed 

OG 

300 

2.2 

3 

15 


17 

50 

2200 

2200 

1 

JH 

105 

0.8 

2 

25 


85 

296 

2100 

3000 


EC 

427 

0.9 

15 

40 

0 

21 

151 

1100 

1150 


WO 

748 

1.8 

•10 

125 

0 

12 

73 

1200 

9000 


HB 

309 

1.1 

0 

110 





379 


I® 

317 

1.0 

3 

30 


17 

27 

67 


I.E 

303 

1.1 

3 

20 


40 

103 

1800 

920 


lIJv 

392 

2.1 

4 

20 


106 

179 

2900 

1250 

I'lxcrcise; 

DT 

295 

0.1 

11 

40 

0 

18 

1.9 

22 

72 

subjects 

RS 

110 

0.2 

2 

15 

0 

45 

7.5 

20 

210 

not dosed 

.IE 

210 

0.4 

8 

20 

0 

16 

0.1 

7 

SO 

lOxcrciso; 

RS 

431 

1.7 


22 

0.4 

24 

73 

1500 

1400 

subjects 

JE 

107 

0.9 

2 

21 

0.1 

51 

108 

820 

1800 

dosed 

WO’S 

213 

1.2 

2 

50 1 

1 

0.2 

27 

186 

1780 

2600 


* No .asoorbio ncid w.as found. 


Experiments of Honrs Duration — With two subjects sweat samples were 
collected^ continuously for 4 hours to determine the time interval by which 
the administration of the massive vitamin dose should precede the begin- 
ning of the siveat collection. In these experiments the subjects were given 
c ally doses in the same manner as the other subjects in this investigation, 
but they took the mas.sivc dose at the time that they entered the hot room 
instead of J- hour before. During sweat collection they were allowed to 
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Eit when they desired, and the temperature was reduced to 36.6’ after 
copious sweat flow had started. They were given water ad libititm. The 
collection bottles were changed and urine samples were taken at the end 
of the 1st hour and at the end of each half hour thereafter. 

No ascorbic acid was found in any of the sweat samples. The anal 3 'tical 
results for thiamine, riboflavin, and pantothenic acid are presented in 
Table I. The highest ^•itamin excretion was found during the first 
hours. For this reason the massive doses were given to the subjects J 
hour before the be^nning of the 1 hour e.xpeiiments. 

Two other experiments of 4 hours duration were performed which 
were designed to show whether the vitamin excretion in sweat is a function 
of the total volume of sweat or of the length of time during which sweating 
occurred; the results were inconclusive and failed to indicate a definite 
role of either of these two factors. 

Experiments of 1 Hour Duration — Sweat was collected over a period of 
1 hour in twenty-two experiments. The results of the analy^ses of the 
sweat and urine samples are presented in Table II. Thermal sweat was 
collected from sixteen subjects, of whom six did not receive vitamin dosage. 
The others were dosed as described above with the exception of subjects 
HB and ED who took the daily doses but not the massive doses and of 
subjects LF and HK who took the massive doses but not the daily doses. 
Two subjects, AIA and LH, were Negroes. 

Sweat induced by exercise was collected from six subjects of whom 
three were dosed and three were not. 


DISCOSSION 


The amounts of thiamine, riboflavin, and pantothenic acid found in 
thermal sweat were not significantly dififerent from those found in sweat 
induced bj" exercise. Dosed subjects excreted more thiamine and panto- 
thenic acid in sweat than those who were not, but the amounts were or the 
same order of magnitude and the ranges of the values overlapped. There 
was no difference in the average riboflavin excretion in sweat of subjects 
receiving large doses of vitamin and those who did not. Muchgreater 
differences were found in the amoimts excreted in the urine. Dosed sub- 
jects excreted 60, 50, and 10 times as much thiamine, riboflavin, and panto- 
thenic acid respective^ as subjects who were not dosed, although the 
collection period did not include the peak of urinaiy^ excretion of these 
^tamns. From these results it appears that the losses of thiamine, ribo- 
flavin, and pantothenic acid in sweat are not greatly influenced bj' the 
amount of vitamin ingested. 

No ascorbic acid was found in any of the sweat samples. The average 
OSS of dehj'droascorbic acid from aU subjects was 0.23 mg. Dehjriroas- 
corbic acid was foimd in thermal sweat from two Negro subjects who were 
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not dosed and in sweat induced bj* exercise from dosed subjects. No 
deliydroascorbic acid was found in lliernial sweat from two dosed subjects, 
and none was found in sweat induced b}* exercise from subjects who were 
not dosed. Those differences cannot be considered significant, since the 
error in tlie dct ei’niiiuition of .such low concentrations of this substance is 
large. The results do show’, however, that the amounts of deliydroascorbic 
acid lost in sweat arc not great, and that excessive sweating is unlikely to 
induce a vitamin C deficiency if the dietary intake is adequate according 
to accepted standards.* 

Tlic average hourly losses of thiamine, riboflavin, and pantothenic acid 
from subjects who did not receive the idtamin dosage were respectively 
0.5, 10, and 24 y and from dosed subjects 1 .4, 10, and 60 y. Our studies do 
not indicate that a thiamine deficiency can be caused by excessive sweating. 
Likew'isc, the amount of riboflavin excreted should not be enough to 
affect adversely a man whose dietary intake is adequate according to 
accepted standards." 


SUMMARY 

Ascorbic acid, thiamine, riboflavin, and pantothenic acid have been 
determined in thermal sweat and in sw’eat induced by exercise of human 
subjects, with and wthout preceding administration of vitamins. The 
amounts of thiamine excreted were insignificant. No ascorbic acid was 
found, but deliydroascorbic acid was excreted to the extent of about 0.2 
mg. per hour. The average riboflavin excretion was 10 y per hour whether 
the subjects had been dosed or not. The average excretion of pantothenic 
acid ivas 24 y per hour for subjects who were not dosed and 50 y per hour 
for those who were. For comparative purposes the amounts of thiaimne, 
riboflavin, and pantothenic acid excreted in urine were also determined. 
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Our work in the penicillin field was begun in December, 1941, ndth the 
primary objective of assisting in the isolation and synthesis of this interest- 
ing antibacterial product in order that it might be made more available 
for military medicine. However, from the very beginning of our experi- 
ments the antibacterial product obtained was not soluble in ether or amyl 
acetate and, therefore, appeared to differ from penicillin. In a recent 
publication (1), a report was made on the preparation and some of the 
properties of this product which was provisionally called penicillin B to 
distinguish it from penicillin, the antibacterial substance which is soluble 
in organic solvents. 

In our first publication we referred to a report by Kocholaty (2) in which 
he described briefly a product, penatin, which is similar in some respects 
to penicillin B and recently we have had the privilege of examining two 
additional manuscripts on penatin by the same investigator, one of which 
has been recently published (3). Since there are a few points of difference 
between Kocholaty ’s results and our data, it is not certain that the products 
produced in the two laboratories are identical. 

After most of the work which is presented in a subsequent section of 
this report had been concluded, the November 28, 1942, issue of Nature 
containing a short paper by a group of British investigators (4) reached 
our library. In this publication they refer to a patent application (of 
which we were not aware) covering penicillin A, a product which they now 
name notatin, in order to obviate confusion uith the penicillin which is 
soluble in organic solvents. Although in many respects notatin as well as 
penatin seems to be similar to our product, we shall in this manuscript, 
at least, continue to designate our product penicillin B. 

• The work described in this paper was done under n eontract, recommended by 
rte Committee on Medical Research, between the Office of Scientific Research and 
jL)evelopmcnt and the St. Louis University, 
t l-.alor Foundation Fellow, 1942-43. 
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EXPEni.MENTAIi 


Frcparaiioii and Purificalion of Penicillin B — Wiiilc the benzoic acid 
procedure for the preparation of penicillin B (1) is satisfactory, the use of 
acetone, whicli may' cause some dennf urat ion of t lie product, is an undesir- 
able feature. In attempting to eliminate the use of organic solvents, 
we have devised a nerv method wliich is based upon the precipitation of 
the active substance by uranium acetate and its liberation by phosphate. 

The entire process is carried out in the cold room (5°). The freshly 
harvested eulture fluid (1) is filtered and for each liter 15 to 20 ml. of 1 per 
cent uranium acetate solution arc added. TJic pH of the harvest varies 
between 3.5 and 3.9, which is about optimum for complete precipitation. 
I he precipitated material is allowed to settle and is collected by centrif- 
ugation after the supernatant liquid has been siphoned off. It is washed 
once or twice with water and then extracted with a volume of 0.2 at phos- 


phate buffer (pH 6.8) sufficient to give the mixture a creamy consistenc}'. 
This mixture is allowed to stand for se^'eral houm before it is centrifuged. 
Two such’ e.xtractions remove practically all of the antibacterial activity. 
Phosphate buffer of pH 4 to 4.5 docs not remove the activity. 

The penicillin B is salted-out from the buffer solutions by means of 
ammonium sulfate. If the reaction is adjusted to about pH 4, 2 volumes 
of saturated (NH 4 ) 2 S 04 solution are required. If no adjustment is made 
(pH 6.5 to 6.S), 3 volumes are required. In the latter case the pH is 
lowered to about 5,5 by the addition of the salt. The precipitate is col- 
lected by centrifugation, dissolved in water, and, after dialy'zing until 
sulfate-free, ly'ophilized. The recovery of the activity is usually complete. 

The preparations which have been obtained by this procedure contain 
more nitrogen than those prepared by the benzoic acid method (14 per 
cent as compared to 10.5 per cent) and are more potent and more readily 
soluble in water. Products have been prepai'ed which inhibit the grou'th 
of Staphylococcus aureus in dilutions gi-eater than 1 part in 6 billion.^ 
n addition to eliminating the use of an organic solvent, the uranium 
acetate procedure has the advantages of being less cumbersome and more 
economical than the benzoic acid procedure. The small uranium precipi- 
a, cs are easier to handle than the bulky benzoic acid- adsorbate, especialh' 
when large volumes are processed. Since only 15 to 20 gm. of uranium 
achate are i equired for 100 liters of medium, the cost is insignificant. 

emci m rnay also be obtained from the cultm'e media by adsorption 
on type C alumina gel and elution with 10 per cent (NH 4 ) 2 S 04 . However, 

antibacterial potency was the same as described in our 
stitnted fn * except that sterile 1 per cent peptone solution was sub- 

found toRfni ' vent of the Clutterbuck medium. This change of solvent was 
I izc \cry dilute solutions of penicillin B and prevent their inactivation. 
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the amount of the adsorbent wliich is required makes this procedure 
impracticable. 

Further purification of crude products obtained b 3 ’’ both the uranium 
acetate and benzoic acid methods maj’' be accompUshed by fractional 
salting-out with ammonium sulfate. In a typical experiment, 300 mg. 
of crude penicillin B were dissolved in 30 ml. of acetate buffer (pH 5.5, 
P = 0.1). After standing overnight at 0°, the small precipitate which had 
settled out was removed bj’' centrifugation. Addition of (NH();SOi to 
25 and 50 per cent saturation produced precipitates which were inactive, 
but 75 per cent saturation precipitated nearlj' all of the active material. 
The utilization of this procedure resulted in some cases in the elimination 
of 75 per cent of the inactive solids and the retention of aU of the anti- 
bacterial activity. The nitrogen values of the purified products, as de- 
termined by the Koch-McMeekin method (5), differed little from those 
of the starting materials. 

Some Properties of Penicillin B 

Eledrophoreiic Behavior — A potent sample of penicillin B which had not 
been fractionated Rith (]SrH 4 )i!SO< was subjected to a preliminary examina- 
tion in the Tiselius apparatus.^ This experiment was carried out wth 
a 1.5 per cent solution of penicillin B in phosphate buffer, pH 5.9, p = 0.096. 
After 3.5 hours the pattern consisted of a main peak nith a small shoulder 
on the front. This was interpreted as indicating non-homogeneitv and 
that the proteins present were similar in electrophoretic beha\dor. A more 
complete investigation is planned. 

Prosthetic Group — The absorption data of Coulthard et al. (4) as well as 
our own observations suggest that the active principle may be a flavo- 
protein. The absorption spectrum maxima and minima obtained from a 
purified preparation of peniciUin B dissolved in 0.2 m phosphate buffer 
(pH 6.8) are given in Table I. All absorption measurements were made 
with a Beckman quartz spectrophotometer. 

It was found that the yellow color of penicillin B preparations could be 
separated from the protein-rest by several methods: extraction Avith 75 
per cent methanol (7), solution in 50 per cent saturated (NH 4 ) 2 S 04 at pH 
0.6 at 5® (8), or dialj^sis against 0.1 n HCl at 5° (6). Recombination of 
the yellow pigment and the protein failed to restore the activity. 

In order to characterize the prosthetic group the following experiment 
was carried out. 1 gm. of purified penicillin B Avas repeatedly e.xtracted 

’ The instrument used Avas manufactured bj- the Klett Manufaeturing Company, 
^ nc. W e A\ish to tiiank Dr. C. F. Cori of the Department of Pharmaeology of Wash- 
ington University School of Medicine for the use of this instrument. 
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with 75 per cent methanol until the residue was colorless. The extracts 
were evaporated in vacuo at *10®. The solid material obtained was extracted 
witli absolute methanol until the extracts were colorless. On evaporation 
of the methanol, 38 mg. of a j'cllow .solid ■were obtained. This material 
was e.xtractcd with 3.8 ml. of water; 0.2 ml. gave the lumiflavin test (9). 
The rest of the solution wa.s acidified to Congo red rnth HNOj and the 
addition of a few drop.s of 30 per cent AgNOj caused a red-orange precipi- 
tate. According to Warburg and Christian (9), diniicleotides, but not 
mononucleotides, are precijiitatcd b.v thi.s treatment. The silver salt 
was decomposed with II-S, 3 ’ielding a 3 'cllow .solution containing 2.2 mg. 
of solids. This material gave a positive Moliscli, a positive Bial, and a 

TAni.i; I 

Light Absorption. Maxima and Minima of Penicillin li and Prosthetic Group of 


Penicillin B 


Penicillin P 

Penicillin 11 prosthcticproup 

Flavine adenine dinudcolidctti 

Maxima 

1 cm. 

Maxima 

j 

cm. 

1 

>Iaxima j 

*'1 era. 
(calculated) 

A.. 

I 

A. 1 


A. 


■1520 

1.0 j 

4500 1 

71.4 

4500 

144 

3750 

I.O 1 

37-10 

61.4 

3760 

114 

2180 

10.2 

2640 

230.3 

2600 

460 



2200 

207.0 



Minima 


Minima 


Minima 


4120 

0.7-1 

4020 

43.7 

4000 

86.1 

3200 

1.7 

3050 

9.37 

3050 

19.7 

.2500 

11.0 

2370 

1 

93. S 


1 


positive murexide test, and contained 5.G8 per cent phosphorus (lO)- 
The absorption spectrum maxima and minima are given in Table I. 

All the above data indicate ithat the prosthetic group is probably flavine 
adenine dinuclcotide. Both the phosphorus content, 5.G8 per cent as 
coinpaicd to 7.9 per cent for flavine adenine dinucleotide, and the absorp- 
taon data indicate that our final product was about GO per cent pure. 

urthei investigation of this aspect of the problem was not feasible 
because of the large quantities of purified penicillin B necessary. 

Mode of Action of Penicillin B , 

It was fouiid that penicillin B possesses the ability to decolorize methylene 
blue anaerobically in the presence of rf-glucosc. The time of reduction was 
oun 0 e inversely proportional to the concentration of penicillin B. 
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This dehydrogenase activitj' was destroyed by heating at 80° for 5 minutes 
but was not inhibited by KCN, NaF, or urethane. Preliminary attempts 
to utilize this reaction as a substitute for the bacterial assaj' of penicillin 
B have been inconclusive. 

The above findings indicated the probable enzymic nature of penicillin 
B and further experiments were carried out to elucidate this point. It 
was foimd that under aerobic conditions acid was produced in a sterile 
solution of d-glucose and penicillin B. 

It has been demonstrated, however, that the antibacterial activity of 
penicillin B cannot be accounted for on the basis of an alteration in the 
pH of the culture medium. Growth of Staphylococcus aureus F was 
demonstrated in a medium consisting of 1 per cent peptone, 1 per cent 
glucose, and 0.5 per cent NaCl vith the pH adjusted to 5.2. Inhibitory 
amounts of penicillin B depressed this medium only from pH 6.5 to pH 
6.25 and quantities many times as great failed to increase the H ion 
concentration to a point which was incompatible with the growth of the 
organism. 

Several sugar derivatives, calcium gluconate, glucom'c acid, glucuronic 
acid, mucic acid, and potassium acid saccharate were tested for anti- 
bacterial actmty with negative results. Gluconic acid at a concentration 
of 1 : 1000 prevented the groivth of Staphylococcus aureus F in a peptone- 
^ucose medium. However, this concentration of the acid lowered the 
pH of the medium to a level at which the organism was unable to grow 
(pH 4.2) and thus no specific antibacterial property of the substance was 
demonstrable. 

Electrometric titrations of incubated sterile glucose-penicillin B solutions 
mdicated the presence of a relatively strong acid. The production of 
acid from glucose, the marked enhancement of antibacterial activity of 
penicillin B by glucose, the marked diminution of potency of penicillin in 
the absence of oxygen, and the demonstration of the effect of serum on 
the antibacterial potency led to the speculation that the antibacterial 
activity of penicillin B is due to the production of hydrogen pero.xide. 
However, before our experimental test of this idea was undertaken, Coul- 
thard el al. reported that notatin produces a mole of gluconic acid and a 
mole of HiOj from a mole of glucose and, consequently, if it turns out 
that notatin and penicillin B are identical, our experiments on this point 
confirm and extend the observations of the British investigators. 

Reaction Products of Penicillin B and Glucose — ^The optimum conditions 
for enzjTnic actmty were studied by ascertaining the rate of production 
01 acid and of hydrogen peroxide. Acid was determined by titrating 5 ml. 
of the reaction mixture with 0.01 n IvaOH. H 5 'drogen peroxide was 
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determined b}' tlie method d&scribcd bj* Sumner (]]) and residual glucose 
by l.he ShafTer-Soniogyi (12) procedure. Wlion I'nri’ing amounts of 
penicillin B ii'ore allowed to react with 1 per cent glucose, for 1.5 hours at 
3G° without aeration, rcsuU.s were obtained which arc summarized in 
Table II. 

In another experiment a constant amount of penicillin B was used (0.1 
mg. per nil.) and the glucose concentration was varied. The mixture was 
allowed to react at 3G° for 1.5 hours without aeration. The results ate 
shown in Table II. 

The control of pH was shown to be imiiortant by an experiment in 
which it was found tiiat the activity of penicillin B at a concentration 
of 0.1 mg. per ml. was inhibited below pH 5 and above j)H 8, the substrate 
being 0.5 per cent glucose in a phosphatc-bufTered solution. 


Taiilk II 

Effect of Varying Concentration of Glucose anil of Penicillin D on Pale of Production of 

Peroxide 


Concentration of glucose, I per cent i 


Bt beginning of experiment j 

0.1 mg. 

per ml* 

reniciKm C | 

Peroxide formed ! 

Glucose 


1 

ftti;. fier JO mt. j 

mt. O.OOS .V XatStOi 
per JO ml. solution 

per cent 

rtf. 0. 001 .vA’atSiOr 
per to ml. 

10 1 

18.0 

1.0 

6.2 

1 

6.9 

0.5 

5.2 

0.1 

2.7 

0.1 

3.6 

0.01 

1.6 

0.05 

2.8 

0.001 

O.G 

' 0.01 

‘ l.S 

0.0001 

0.3 

0.005 

j 1.2 


The o.xygen supply was found to be very important. Aeration with 
oxygen of a solution containing 1 per cent glucose and 0.001 mg. per ml. of 
penicillin B produced more than twice as much HjOj in 5 hours as did a 
similar solution containing 0.1 rag. of penicillin B per ml. which was not 
aerated. Tlie action of penicillin B upon glucose was not inhibited by 0.02 
per cent fluoride, cyanide, or urethane. Penicillin B at a concentration 
0 0,1 mg. per ml, caused oxidation of glucose (0.1 per cent) nearl}'' flS 
^pid y at 23 as at 36° but the action was appreciably slower at 52 - 
eating for 5 minutes at 80° completely destroyed enzj’^mic activity, 
in order to show the presence of in the reaction mixture a solution 
ot pemcillm B (0.1 mg. per ml.) and glucose (1 per cent) was allowed to 
react until titration of a 10 ml. aliquot required 90 ml. of 0.005 N NajSA- 
At this point a 10 ml. aliquot iras adjusted to pH 7 and a small amount of 
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crystalline catalase’ was added. The 1.4 ml. of gas evolved were analyzed 
in the apparatus of Scholander (13) and found to be Oi. 

The acid formed during the reaction was identified as follows: 1 gm. 
of glucose and 100 mg. of penicillin B were dissolved in 160 ml. of water 
and aerated vith Oj in a constant temperature bath at 25° for 48 hours. 
At this time only a few mg. of glucose remained. The reaction mixture 
was evaporated to dryness in vacuo and extracted four times nith 10 ml. of 
hot 95 per cent alcohol. Approximately 0.9 gm. of a solid acid hardng 
a melting point of 136° was obtained. The melting point of gluconolactone 
is 134^136°. The amide prepared from this acid melted at 143°. When 
mixed ndth known gluconamide (m.p. 143°), no depression of the melting 
point was observed. The melting point of the benzimidazole derivative 
prepared by the method of Moore and Link (14) was 215° and when 
mixed with known glucobenzimidazole (m.p. 215°) depression of the 
melting point did not occur. 


Table III 

Conversion of Glucose (O.I Per Cent Solution) by Penicillin B and Oxygen to Gluconic 
Acid and Hydrogen Peroxide 


Time 

Glucose used 

G!uc<mic add found 

1 

Hydrogen peroxide found 

hrs, 1 

mu 

mu 

mU 

0.5 

0.326 

0.349 

0.309 

1.0 

0.506 

0.505 

0.500 

2.0 

0.556 

0.582 

0.559 


A sample of 5.075 mg. of glucobenzimidazole gave a volume of 0.460 ml. 
of nitrogen at 0° and 760 mm., when analyzed by the micro-Dumas pro- 
cedure. N found 10.18 per cent; theory for CuHuOsN;, 10.44 per cent. 

To detemune the stoichiometric relations involved the following experi- 
ment was performed. A solution of penicillin B (0.1 mg. per ml.) in 0.1 
per cent glucose was aerated with Oj and maintained at 36° in a water 
bath. In 2 hours all the glucose had disappeared. The amount of H 2 O; 
Md gluconic acid in 100 ml. of the reaction mixture, at various intervals, 
is shown in Table III. These values indicate that glucose is oxidized 
according to the following equation. 


C,H„0, + H,0 -f Oi -* C,H„0, + H,0; 


l\e msk to acknowledge the land assistance of Dr. J. B. Sumner who supplied a 
pure crj'stalline catalase. This sample was standardized by the method 
01 Jolles as modified by Sumner (11). 
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The enzymic action of penicillin B does not seem to be restricted to 
glucose. Pure d-xylose, d-galactose, and d-mannose also yield acid and 
H 2 O 2 but the rate of reaction is much slower. Preliminary experiments 
indicated that the stoichiometric relationships observed for glucose oxida- 
tion did not hold for these sugars. These sugars have been found to be 
effective in bacteriological assays but not to the same extent as glucose. 

As stated above the principle or principles responsible for the enzymic 
action of penicillin B have been found to be heat-labile. Heating this 
material in a peptone-glucose medium at 80° for 5 minutes completely 
prevented the development of antibacterial activity (Table IV, Series C-2). 

Table IV 


Effect of Heal, Incubation, and Serum on Antibacterial Activity of Penicillin B 

-f- indicates growth of Staphylococcus aureus F; — indicates absence of growth of 
Staphylococcus aureus F. 



Treatment before inoculation 

1 part penicillin B in following million parts of medium 

No. 

1 

2 

4 

8 

16 

32 

64 

128 

Con- 

trol* 

A-l 

21 hrs. at 37°, unheated 









+ 

A-2 

21 " " 37°, heated 




— 

— 

— 

+ 

+ 

-f- 

A-3 

21 “ “ 37°, " serum 

added 

+ 

+ 

-1- 

+ 

i 

-f 

+ 

+ 

-f 

4- 

B-1 

10 hrs. at 37°, unheated 


— 



— 

— 


— 

+ 

B-2 

16 “ “ 37°, heated 

— 

— 

— 

— 

— 

— 

+ 

+ 

+ 

B-3 

16 “ “ 37°, unheated; serum 

added 

+ 

+ 

+ 

+ 

*4" 

-f 

-f 

-f 

+ 

C-1 

No incubation, unheated 

— 

— 

— 

— 

— 

— 

+ 

-f 

+ 

C-2 

“ “ heated 

+ 

-t- 

+ 

+ 

+ 

+ 

+ 

-f 

+ 

C-3 

“ " unheated; serum 

added 

+ 

-t- 

+ 

-f 

-f 

+ 

+ 

+ 

4" 


• Controls received no penicillin B. 


While fresh horse, rabbit, or sheep serum interfered vith the antibacterial 
activity of the mold product, two samples of older, stored serum did 
not exhibit this property. A typical experiment shotring the effect 
of serum and heat is given in Table IV. The medium employed 
consisted of 1 per cent peptone, 1 per cent glucose, and 0.5 per cent NaCl 
and the test organism was Staphylococcus aureus F. Penicillin B was 
diluted serially in this medium and fresh, sterile rabbit serum was added 
to a final concentration of 5 per cent in the series indicated in Table IV. 
Some of the series 'of tubes were incubated for 16 or 21 hours at 37° before 
receiving the organism, while others were inoculated immediately following 
their preparation. Certain series were also heated in a water bath to 80° 
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for 5 minutes prior to inoculation. Antibacterial activity was judged 
by the presence or absence of msible turbiditj* in the tubes after incubation 
for 18 to 24 hours at 37°. 

Table IV further indicates that the antibacterial activity is due to some 
relatively heat-stable substance resulting from the penicillin B-glucose 
mixture. In the series of tubes (Series C-2) which was heated without 
imtial incubation there was no evidence of bacterial inhibition, while in 
those which had been incubated for 16 or 21 hours (Series B-2 and A-2) 
before being heated growth occmred only in tubes containing the lea.st 
amounts of penicillin B. 

Another conclusion which may be drawn from this experiment is that the 
heat-stable antibacterial substance is not active in the presence of fresh 
serum. A comparison of the results in Series A-2 and A-3 demonstrates 
this point. 

The peroxide formed by the action of penicillin B was titrated by the 
iodometric method and its concentration correlated -with antibacterial 
activity, as shown in Table V. The samples tested varied from the crude 
mold culture fluids to hi^ly purified preparations; yet the minimal 
amounts of H 2 O 2 associated ivith bacterial inhibition were limited to a very 
narrow range. The antibacterial effectiveness of H 2 O 2 was determined 
under conditions similar to those in which penicillin B had been studied 
and it was found that the titratable amount of H 2 O 2 which was required 
to prevent the growth of the test organism was of the same order as the 
corresponding titratable amount of the penicillin B product. This finding 
was confirmed -with both Gram-positive and Gram-negative organisms. 

The identity of H 2 O 2 with the active substance produced by penicillin 
B was further confirmed by the finding that all materials tested which 
were capable of reducing the titratable amount of the latter in a medium 
exerted a similar effect on the former. These substances included different 
ferrous salts, cysteine, fresh serum, and catalase. Cultural tests showed, 
finthermore, that these reagents interfered with the antibacterial activity 
of both H 2 O 2 and the penicillin B product. Tables VI and VII indicate 
the results obtained in typical experiments in which serum or catalase 
was employed as the antibacterial inhibitor. The medium and methods 
were similar to those described above except that the initial incubation 
period was at room temperature (25°) rather than 37°. 

The antagonistic properties of serum and of catalase were shown to be 
of a heat-labile character. Catalase which had been heated to 100° for 
1 minute or serum which had been held at 65° for 10 minutes was no longer 
effective in preventing antibacterial activity, as may be observed in Tables 
VI and VII. Similarly, treatment of catalase with KCN resulted in the 
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Table V 

Inhibition of Staphylococcus aureus F by Different Preparations of Penicillin B 
Compared with Amounts of Hydrogen Peroxide Present 
+ indicates growth of Staphylocoeeus aureus F; — indicates absence of growth of 
Staphylococcxis aureus F. The figures represent the number of ml. of O.OOl n NajSjOi 
utilized in the iodometric titration of the routine assay tubes following their incuba- 
tion at 37° for 18 hours. 
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loss of its ability to prevent inhibition (Table VIII). In this e.xperiment 
the catalase preparation was exposed to 0.1 m KCN for 15 hours at a tem- 
perature of 10° before being diluted and added to the test cultures. In 


Table VI 

Groiclh oj Staphylococcus aureus F in Presence of Different Combinations of Penicillin 
B, HiOi, Fresh Horse Serum, and Heated Horse Serum 
+ indicates growth of Staphylococcus aureus F; — indicates absence of growth of 
Staphylococcus aureus F. 


S€ries 

No. 

Treatment before inoculation j 

! 

.\-i 

6 hrs. at 25° 

A-2 

6 “ “ 25°, fresh serum added 

A-3 

6 “ “ 25°, heated serum 
addedt 

A-i 

6 hrs. at 25°, heated 

A-5 

6 “ “ 25°, “ fresh ser- 

um added 

B-1 

No incubation 

B-2 

" “ fresh serum 

added 

B-3 

No incubation, heated serum 
added 

C-1 

No incubation 

C-2 

" " heated 

C-S 

“ “ fresh serum 

added 

C-4 

No incubation, heated serum 
added 


1 part penlcUlm B in following million parts of medium 


1 

2 

4 

1 

H 

B 

64 

128 

Con- 

trol* 

— 


— 

_ 


— 

— 

— 

+ 

-1- 


+ 

-t- 

+ 

+ 

+ 

+ 

+ 

— 


— 

— 

— 

— 

— 

+ 

+ 

— 


— 

_ 

— 


— 

— 

+ 

+ 

+ 

+ 

+ 


+ 

+ 

+ 

-t- 


— 

— 

— 

— 


— 

— 

+ 


+ 

+ 

+ 

+ 


+ 

+ 

+ 

1 

B 

B 

B 

B 


-f 

+ 

+ 

DiluUons of 3 per cent hydrogen peroxide 

1:20 

1:40 

1:S0 

t:160 

1:320 

1:640 

1:1280 

1:2560 

Con- 

trol 

_ 

— 

— 

— 

— 

— 

— 

— 

+ 

— 

— 

— 

— 

— 

— 

— 

— 

-b 

— 

— 

+ 

+ 

+ 

+ 

+ 

+ 

-f- 

- 

- 

- 

- 

- 

B 

B 

+ 

-b 


* Controls received no penicillin B. 
t Serum was heated at 65° for 10 minutes. 

our previous paper, it was reported that KCN does not inaetivate penicil- 
lin B. 

In anaerobic experiments it was found that penicillin B failed to exhibit 
any antibacterial activity or to produce any substance which nught be 
titrated iodometrically. Modified Thunberg tubes were emplo 3 ’ed in 
certain of these experiments in order to permit the mixing of penicillin B 
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Table VII 

Growth of Slaphjlococciis aureus F in Presence of Penicillin B and Catalase 
+ indicates growth of Staphylococcus aureus F; — indicates absence of growth of 
Staphylococcus aureus F. 



Treatment before inoculation 

1 part penicillin B in following million parts of medium 

No. 

1 

B 

fl 

8 

16 

32 

64 

128 

Con- 

trol* 


8 hrs. at 25° 

— 

— 

_ 

— 

_ 

— 

_ 

+ 

-f 


8 “ “ 25°, heated 

- 

- 

— 

— 

— 

— 

+ 

+ 

-1- 


8 “ “ 25°, catalase added 

— 

— 

— 

+ 

+ 

+ 

-f 

4* 

+ 

wm 

8 “ “ 25°, heated; catalase 

added 

+ 

+ 

•4- 

H- j 

+ 

+ 

+ 

4- 

+ 

A -5 

8 hrs. at 26°, heated catalase 
addedf 


■ 


— 

— ' 

— 

■ 

■ 

-1- 

B-l 

No incubation 

_ 



— 

— 

— i 


B 

-1- 

B-2 

“ “ heated 


B 


4* 

+ 

+ 

-1- 

-f 

+ 

B-3 

“ “ catalase added 

- 

B 

-1- 

4* 

+ 

1 

+ 

+ 

+ 

B-4 

“ “ heated; catalase 

added 

■h 1 

1 


+ 

+ 

+ 

+ 

4" 

+ 

+ 

B-5 

No incubation, heated catalase 
addedf 





" 


4“ 

1 

4- 

-h 


• Controls received no penicillin B. 
t Catalase was heated to 100° for 1 minute. 


Table VIII 


Effect of KCN~Treated Catalase on Antibacterial Activity of Penicillin B 
+ indicates growth of Staphylococcus aureus F; — indicates absence of growth of 
Staphijlococcus aureus F. 


Series 

No. 

Treatment before inoculation* 

j 1 part penicillin B in following million parts of medium 

1 

2 

4 

8 

16 

32 

64 

1 

128 

Con- 

trolf 

1 


— 


_ 

H 






+ 

2 

Heated 

— 


— 

B 



4- 1 

+ 

+ 

3 

Catalase added 

— 


— 

B 



+ 

+ 

+ 

4 

Heated; catalase added 

+ 

-f 

-f 

4- 



-f 

+ 


5 

KCN catalase added 

— 

— 


D 



— 

_ 

+ 

6 

Heated; KCN catalase added 

1 


— 

— 

9 

H 

9 

+ 

+ 

+ 


♦ In each experiment incubation at 25° for 15 hours was carried out before 
inoculation. 

t Controls received no penicillin B. 


with glucose in an atmosphere devoid of Oj. One chamber received the 
peptone-glucose medium and the other the desired dilution of the enzyme. 
A series of such tubes was placed in a desiccator and evacuated and rinsed 
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vith nitrogen four times. The desiccator was then filled with nitrogen 
or with a mixture of nitrogen and carbon dioxide, closed, and tilted 
in such a manner as to mix the contents of each tube. After 24 
hours incubation at 37° growth of Escherichia colt was observed in such 
tubes in the presence of relatively large amounts of penicillin B. Control 
tubes which had not been inoculated with the organism were found to 
contain no peroxide when they were examined immediately after having 
been removed from the desiccator. However, if such controls were shaken 
aerobically before being tested, an appreciable quantity of H.Oj was found 
to be present. 

Another tjqie of anaerobic experiment involved the use of the thiogly- 
coUate medium described by Brewer (15). Tins medium was prepared 
containing 1 per cent glucose and serial dilutions of penicillin B were added 
to it. The three test organisms employed were Salmonella enteritidis, 
a facultative anaerobic organism, and Clostridium tetani and Clostridium 
welchii, both obligate anaerobes. Each of these organisms grew abun- 
dantly in this medium in the presence of relativelj’’ large amounts of 
penic illin B, although Salmonella enteritidis had previously been demon- 
strated to be inhibited by the enzyme in the usual aerobic tests. 

DISCUSSION 

The experiments described in this paper show that penicillin B is an 
enzyme of a flavoprotein nature, which cduses the oxidation of glucose 
to gluconic acid and HjOj. Data presented in a previous publication 
indicated that glucose is necessary for the optimum antibacterial activity 
of this substance. We have now shown that the antibacterial activity is 
due to one of the products of the enzyme action, hydrogen peroxide. 
Apparently the inhibition of the activity of penicillin B by serum is due to 
catalase activity. That it is so effective in vitro is probably due to the 
fact that extremely small amounts of H 2 O; are toxic to bacterial cells. 
Its use in vivo in areas where catalase actmty is at a minimum is being 
investigated. 

It should be noted that Coulthard et al. state that notatin is a flavo- 
protein enzyme which possesses antibacterial activity only in the presence 
of glucose and that it converts glucose to gluconic acid and H 2 O 2 . 

Further, Muller (16) obtained from Aspergillus niger a glucose oxidase. 
Franke later showed that this enz 3 Tne converts glucose to gluconic acid- 
and H202 (17) and indicated that it is a flavoprotein (18). 

The properties of these enzjmes and of the product prepared in this 
laboratorj- are similar in most respects but we should like to call attention 
to one point of discrepancy. Coulthard et al. state that their enzyme 
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reacts only with glucose to produce an antibacterial product, whereas 
Franke showed that his product causes oxidation of d-mannose and d- 
galactose as well as d-glucose to give the respective monocarboxylic acids. 
Apparently no reaction was observed rvith d-xylose. We have found that 
d-xylose, d-mannose, d-galactose, and d-glucose all give rise to acid and 
H2O2 when allowed to react with penicillin B, and that the first three react 
much more slowly. These discrepancies may be due to heterogeneity of the 
enzyme preparations, to an actual difference in the products, or to differ- 
ences in technique. 

We are indebted to the Theelin Fund administered b}’’ the Committee 
on Grants for Research of St. Louis University for financial support and 
to Mrs. E. A. Doisj' and Miss Lenore Klaus for their helpful technical 
assistance. 
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FEACTIONATION OF NORMAL SERUM PROTEINS BY THE 
ELECTROPHORETIC AND SODIUM SULFATE AIETHODS 

By henry LONGSTREET TAYLOR -UCd ANGEL ICEYS 

{From the Laboratory of Physiological Hygiene, University of Minnesota 
Medical School, Minneapolis) 

(Received for publication, February' 23, 1943) 

Comparative data on electrophoretic and sodium sulfate fractionations of 
pathological blood sera have been published bj' Gutman el al. (1) and 
Luetscher (2). These papers contain data on only two normal sera. We 
have been unable to find any other studies on this subject. Marked dis- 
crepancies in the methods were indicated. The purpose of this paper is to 
present data on eight normal sera studied by sodium sulfate and electro- 
phoretic fractionation methods. 

EXPERIMENTAL 

Samples of blood sera from non-fasting laboratory workers were studied 
by the electrophoretic method of Tiselius (3). Patterns were obtained by 
the scanning method of Longsworth (4). Each serum was diluted 1:2.5 
with a phosphate buffer, ionic strength 0.2 and pH 7.8, and was dialyzed 
against the same buffer in the usual way. Separation of the anomalous 
boundaries from the y-globulin on both the descending and ascending sides 
was accomplished by use of the cell with a single center section, recom- 
mended by Longsworth et al. (5), and a long electrolysis time. The pattern 
of the descending boundary was enlarged and traced and an example of both 
ascending and descending boundaries is given in Fig. 1. The limits of the 
areas under each peak were determined by the method of Tiselius and 
Rabat (6) and the resulting area was measured by means of a planimeter. 

The sodium sulfate ffractionation was carried out uith 22.5 per cent so- 
dium sulfate at 37°. Total nitrogen, albumin nitrogen, and non-protein 
nitrogen were determined by the miero-Kjeldahl method of Keys (7). 
9 cm. No. 50 Whatman filter paper was used and the first 25 per cent of the 
filtrate was discarded in order to reduce the filtration error (8). 

DISCUSSION 

The results are compiled in Table I. Gutman el al. (1) have shown that 
approximately one-quarter of the iS-globulin and three-quarters of the 
a-globulin appear in the 21.5 per cent (sic.) Na-SOi filtrate. Similar re- 
sults have been obtained with ammonium sulfate fractionation (9, 10), 
ethanol fractionation (11), and methanol fractionation (12). The globulin 
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Fia. 1. Electrophoretic patterns of rising and descending boundaries of normal 
human serum diluted 1:2.5 with a phosphate buffer, ionic strength 0.20 and pH 7.8. 

Table I 

Compariso7i of Results of Fractiotialioti of Normal Httman Serum by Electrophoretic 

and Sodittm Stdfale Methods 


Ex- 

peri- 

ment 

No. 



Electrophoretic measurements 

* 




Sodium sulfate 
fractionation 

Total 

areat 

Albu- 

min 

areat 

Globu- 

lin 

areat 

a 

*5 

o 

O 

a 

E 

3 

< 

e 

*3 

O 

C 

Albumin 

x> 

O 

Albumin 

Albumin, per cent 
of total area 

Globulin, per cent 
of total area 

Albumin 

5 

"3 

o 

O 

Albumin, per cent 
of total protein N 

Globulin, per cent 
of total protein N 

Albumin 

Globulin 

65 


354.0 

167.0 

02 

0.24 


67.9 


2.12 

76.0 

24.0 

3. 

16 

66 

215.0 

140.6 

74.4 

QQr 

0.24 

0. 

19 

65.3 

34.7 

1. 

88 

72.0 

28.0 

2.57 

67 


133.3 

69.6 

InnaB 

0.21 

0.22 

65.7 

34.3 

1. 

92 

68.0 

32.0 

2. 

12 

76 

328.2 

203.2 


0.089 

0.19 

|||K» 

61.9 


1. 

62 

66.2 

33.8 

1. 

96 

75 

jgjgn 

182.0 

80.0 




69.5 


2. 

28 

74.1 

25.9 

2.86 

88 

IHgw 

883.0 


QIQ 

B 


61.9 


1. 

62 

65.4 

34.6 

1. 

89 

89 


664.0 

B 




61.9 


1. 

62 

68.1 

31.9 

2. 

14 

84 

11 

704.0 



0. 

150 


73.3 

26.7 

2.75 

81.0 

19.0 

4.26 

Average ' 

0. 

104 

0.21 



34.1 

B 

3 


28.6 

2.62 


* Descending boundary, 
t Arbitrary units. 
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analj'sis of dialyzed whole plasma. Thus it appears that considerablj' 
more globulin is carried over into the albumin fraction than albumin is 
retained bj’ the globulin precipitate. The recent interesting finding of 
McFarlane (13) that 3.5 gm. of lipids per liter of serum may be removed 
from the /S-globulin fraction of human serum proteins b 3 '’ ether e.xtraction 
in the e.xtreme cold (—25°) probab^' does not interfere with the above 
interpretation, since the weight of the lipids is undoubtedly included in the 
factor 6.25 used in all older computations. 

Longsrvorth (14) has found that a fourth peak appears when normal 
human serum is examined in the Tiselius apparatus with a veronal buffer at 
pH 8.6. If this peak, labeled aj-globulin by Longswortb, could be identi- 
fied as a definite globulin, then the discrepancy between the two methods 
would be further increased. 

There appears to be a much better correlation between the sodium sulfate 
fractionation and the electrophoretic fractionation in normal than in patho- 
logical sera. Luetscher (2) found from 3 to 16 per cent more albumin in his 
sodium sulfate filtrates than was indicated by the electrophoretic analysis. 
Gutman et al. (1) found that even greater variations occurred in their study 
of eleven cases of multiple myeloma. 

SUMMARY 

1. In eight normal sera, the sodium sulfate technique assigned 5.2 ± 3 
per cent more nitrogen to the albumin fraction than was indicated by the 
electrophoretic analysis. 

2. The correlation between these two techniques is better in normal 
than in pathological sera. 
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TISSUE METABOLISM FOLLOWING SHOCK INDUCED BY 

HEMORRHAGE 

By henry K. BEECHER* and FRANCIS N. CRAIG 

{From the Anesthesia Jjahoratory of the Harvard Medical School at the Massachusetts 
General Hospilalj Boston) 

(Received for publication, March 10, 1943) 

In the many years surgical shock has been studied b}' laboratorj*^ meth- 
ods, a considerable bodj' of data has accumulated to show that gross 
metabolic abnormalities, understandablj' enough, accompany the develop- 
ment of shock; these increase as shock persists. Occasional!}', attempts 
have been made to link the observed metabolic disturbances with initiating 
and developmental mechanisms of shock. Since these mechanisms are 
poorly understood, it is not surprising that little succe.ss has attended such 
efforts. 

In all of these previous considerations of metabolic abnormalities in 
shock we find no detailed studies of the effect of shock upon the metabolism 
of specific isolated tis.sues. Such studies would eliminate confusing factors 
associated with the clinical condition of shock, with its muscular relaxation, 
impaired circulation, and the altered metabolism (Aub (1)) associated 
with anoxia. Accordingly, it seemed to us advisable to examine the effect 
of shock on excised tissues, to learn whether, after a reasonable period of 
progre-ssing shock, impairment of the enzyme and other systems concerned 
in cellular metabolism might be demonstrated. 

The observ'ations reported here consist of measurements of o.xygen up- 
take and lactic acid production by brain cortex, heart muscle, kidney 
cortex, and liver. 

Methods 

Animals — Fifty-seven cats were used. In the study of cerebral cortex, 
kidney cortex, and heart muscle twenty-eight cats were dmded into three 
groups: Group 1 untreated. Group 2 anesthetized with ether, but not bled, 
and Group 3 anesthetized with ether and subjected to shock produced by 
hemorrhage. 

At the suggestion of Dr. C. N. H. Long we have included the liver in this 
investigation. For study of the effect of shock on the liver, twenty-one 
cats were divided as follows: five were untreated, four received ether, four 
were etherized and bled, four received sodium pentobarbital anesthesia, 
and four others received the barbiturate and were bled. 

* Aided by a grant from the Milton Fund of Harvard University. 
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When the animals were anesthetized \\ith "cone” ether, tracheal can- 
nulae were inserted and the anesthesia continued for 5 or G hours. When 
the barbiturate was used, the agent was administered intraperitoneally in 
a dose of 40 mg. per kilo. Cannulae were inserted in the femoral arteries 
for blood pressure measurements and withdrawal of blood. All cats were 
fasted for about 16 hours. 

Production of Shock — The schedule of bleeding was 1 per cent of the 
body weight at first, 0.5 per cent after half an hour, and 0.25 per cent every 
half hour thereafter until the blood pressure had fallen to and remained 
below 70 mm. of Hg; then the bleeding was omitted. Shock level pres- 
sures (see Tables I to IV) were maintained for from 1 to 4 hours. We 
had planned to employ a shock period of at least 3 hours in all cases. 
Occasionally, because of the imminence of death, this full period was not 
attained. By the end of this time all animals were in profound shock, 
and several were moribund. The animals were exposed to room air and 
the body temperature allowed to fall, as it does in clinical shock. At 
intervals the rectal temperature was i-ecorded. 

Determination of Oxygen Uptake a/id Lactic Acid Production — The ani- 
mals were killed by decapitation, the heart and a kidney were removed at 
once, and the skull split with a guillotine to release the cerebral hemi- 
spheres. Slices wore cut from the outer .surface of the brain and kidney, 
while thin layers of muscle were .stripped from the outer surface of the left 
ventricle by a shallow cut with a razor. The tissue was suspended in a 
medium that contained NaCl 0.118 m, KOI 0.0024 m, C’aClj 0.0017 Ji, 
MgCl 2 0.00066 M, and glucose 200 mg. per cent in addition to buffer. In 
order to avoid overlooking possible specific effects of the buffer (Craig and 
Beecher*), two scries of experiments were carried out, one in which the 
medium was buffered with phosphate (Tables I, II, IV), the other, with 
bicarbonate and carbon dioxide (Table III), except in the case of the liver 
studies, for which phosphate buffer alone was employed. 

In medium containing phosphate buffer (Table I) (NaHjPOj 0.003 M, 
NaiHPOj 0.017 m), oxygen uptake was determined Iiy tlie first method of 
Warburg (11). The lactic acid that accumulated in the vc.ssel during the 
preliminary period of introducing the gas and equilibration (10 to 15 min- 
utes) and the experimental period of 2 hours was determined colorimetri- 
cally by the method of Barker and Summerson (2), The vessels were 
filled with oxygen; the shaker rate was 160 per minute. 

In medium containing bicarbonate buffer (Table III) (NaHCOa 0.024 m) 
both oxygen uptake and lactic acid output were determined by the second 
method of Warburg (12), the vessels being filled with 5 per cent CO 2 in 
oxygen and shaken at the rate of 120 cycles per minute. 


‘ Unpublished data. 
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The metabolic data in this paper have been reported on the basis of dry- 
weight at the end of the experiment, except for the controls described 


Table I 

Effect of Shock on Oxygen Uptake and Lactic Acid Production; Phosphate Medium 


Qo, = c.niin. of Oj per mg. of dry weight per hour. Mg. per gm. = mg. per gm. of 
dry weight per 2 hours plus the preliminary period. 

Disregarding the preliminary period, one could convert the data for lactic acid 
output to Qo’ (cf. Table II) by dividing by 8. 








j 

Brain 



Heart 

Kidney* 

Eiperi- 

znent 

No. 

Time 

Final 

Final 

rectal 

temper- 

ature 

Time 

blood 

Blood 

drawn 









imder 

ether 

blood 

pressure 

pressure 
; was below 
70 mm. Hg 

Oj 

uptake 

Lactic 

acid 

output 

Os 

1 uptake 

Lactic 

acid 

output 

Oj • 
uptake 







1st 

hr. 

2nd ' 
hr. 

1st 

hr. 

i 

1st 

hr. 

2nd 

hr. 
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below. Although some Avorkers prefer as a basis the dry weight at the 
beginning of the experiment, the final dry weight basis has certain ad- 

Table II 


Ej[fect of Shock on Oxygen Uptake of Cal Liver; Phosphate Medium 
The Qo, recorded is the mean of duplicates over a 2 hour period. The was less 
than 1 in every determination or 0.25 ± 0.05 for the scries of twenty-one. 


Group No. 

Experi- 
ment No. 

Time 

under 

anesthetic 

Time blood 
pressure 
was below 
70 mm. Hr 

Blood 

drawn 

Final 

blood 

pressure 

Final 

rectal 

tempera- 

ture 

<?Oj 



hrs. 

hrs. 

per cent 
b^y weight 

mm. Ill 

'C. 


1. Untreated 

368 






5.2 


369 






4.9 


370 





1 

6.0 


371 






6.3 


372 






5.5 

2. Ether 


6.0 

0 


127 

34.8 

5.4 


372 

5.5 

0 


93 

34.0 

0.5 


374 

6.0 

0 

0 

110 

.32.5 

6.4 


379 

3.3 

0 


140 


7.1 

3. Ether and 

368 

6.5 

3.0 

3.3 

60 

30.5 

6.3 

liemorrhage 



3.0 1 

2.6 

42 

33.0 

6.3 


372 

6,0 

3.0 

2.2 

45 

34.0 

5.7 


379 

5.5 

3.0 

2.3 

50 

28.5 

5.4 

4. Sodium 


6,0 

0 


155 

37.0 

5.6 

pentobarbi- 

371 

7.8 



115 

38.0 

5.3 

tnl 

380 

4.5 

0 


160 


5.7 


.381 


0 


150 

33.0 

4.8 

5. Sodium 

369 

5.8 

2.5 

1 2.8 

35 

32.0 

6.7 

pentobarbi- 

371 

1 7,7 

1.3 


15 

30.0 

6.6 

tal and 


I 4.5 

1.5 


30 

28.0 

5.2 

liemorrhage 

.381 

1 6.5 

3.0 

2.9 

42 

27.5 

4.3 


Summary of Liver Data 


Group No. 

No. of cats 

Mean <?Os 

1 

1. Untreated 


5.6 ±0.25 

2. Ether 


fi 4 -4- n.3.*> 

3. “ and hemorrhage 


5.9 ± 0.22 

4. Sodium pentobarbital 


5.4 ± 0.20 

5. '' “ .and hemorrhage 


5.7 ± 0.58 

Groups 1, 2, 4 (all controls) 


5.8 ± 0.19 

“ 3, 5 (all shock) 


5.8 ± 0.29 


vantages. Nevertheless, it is conceivable that tissues from animals in 
shock might lose enough more weight while in the Warburg flask than 
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Hero fclio would bo negotivo. 
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tissues from control animals to give rise to values that are too high and 
thus mask a depressing.effect of shock on tissue metabolism. In order to 

Tadle IV 

Comparison of Initial and Final Dry Weight Bases for Expressing Oxygen Uptake 

Data 


All values represent the mean of six determinations; cat liver slices; phosphate 
buffer. 


Cat No. 

Ratios of tissue weights 

Mean COj^o*‘2hrs. basedon 

Initial wet | 

Initial dry | 

1 Final wet 

Final dry 

1 Final wot 00 

1 Initial wet 

Final dry weight j Initial dry weight 



Control 


391 

392» 

395 

397 

5.1 ± 0.09 

5.7 ± 0.14 
4.9 db 0.10 

4.8 ± 0.11 

5.0 ± 0.09 
5.0 ± 0.12 ! 
4.2 ± 0.04 
4.4 ± 0.06 

82 ± 2.7 

88 zh 4.3 

76 ± 1.2 

77 ± 2.3 

4.3 ± 0.10 
4.9 ± 0.09 

4.8 ± 0.18 

4.9 ± 0.12 

3.6 ± O.OS 
4.9 ± 0.17 
4.3 ± 0.07 
4.1 ± 0.07 

Averace 

4.7 ± 0.14 

4.2 ± 0.22 






Shock 


390 

6.8 ± 0.21 

6.8 ± 0.13 

101 ± 3.3 

5.6 ± 0.14 

5.8 ± 0.26 

393* 

5.2 ± 0.12 

4.8 ± 0.16 

87 ± 3.3 

5.0 ± 0.19 

4.7 ± 0.14 

394 

4.9 ± 0.07 

4.9 ± 0.14 

84 ± 3.5 

4.9 ± 0.15 

4.0 ± 0.12 

396 

5.1 db 0.12 

5.3 ± 0.15 

97 ±2.1 

4.8 ±0.09 

4.6 ± 0.19 

Average 

5.1 ± 0.18 

4.8 ± 0.21 


Data for Animals Subjected to Hemorrhage 



Time under ether 

Time blood 

1 pressure was 
below 70 mm. Hg 

1 Blood drawn 

Final blood 
pressure 

Final rectal 
temperature 


hrs. 

hrs. 

\per cent body weisht 

mm. Hg 

•c. 

390 

6.5 

3.5 

2.3 


31.9 

393 

5.5 

3.0 

2.0 


32.5 

394 

6.5 

3.5 

3.7 

47 

29.0 

396 

6.0 

3.0 

2.9 

35 

28.0 


* In Experiments 392 and 393, when the tissue had been removed after a 2 hour 
determination, the vessels wore replaced in the water bath, refilled with oxygen, and 
the oxygen uptake of the medium followed for an additional hour. No oxygen 
uptake was observed, although the tissues had lost 13 per cent in. wet weight and 
the average hourly manometer deflection had been 9 cm. 

test this point for the liver tissue, another series of eight cats was studied, 
four controls and four in shock. From each liver, slices were cut for twelve 
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Warburg vessels and weighed rapidly on a torsion balance. SLx portions 
of tissue were placed in the oven to provide the initial drj’ weight, while 
oxygen uptake was followed on six additional portions. The wet weight 
of these tissues was determined again at the end of the experiment and 
then the drj' weight. The Qo, '"’as calculated on the basis of both initial 
and final do' weights and recorded in Table IV. 

The Qo, based on the initial drj' weight was lower than the Qoi calcu- 
lated in the conventional manner by 11 per cent in the control group and 
by 6 per cent in the shock group, but on either basis there was no evidence 
that shock had any significant effect. 

It will be noted, however, that the mean Qo, for all eight livers (on the 
final diy' weight basis) was 4.9 or 16 per cent less than the mean of 5.8 
for all the data in Table II. Unpublished results for heart and brain slices 
show that in these tissues a preliminarj' 15 minute period of standing at 
room temperature depressed the Qo, bj"^ 15 per cent. A delay of this length 
was encountered in the second liver series because slices were cut for twelve 
vessels instead of two, as in the first series, and the slices were weighed 
before being placed in the AVarburg vessels. 

ResiiUs and Comment 

The data given in Tables I to lA'’ show no evidence of damage to the 
tissues removed from animals subjected to hemorrhage, hemorrhage that 
amounted in most cases to more than 2 per cent of the body weight. 
Some of the cats in shock at the end of the experiment appeared to be 
in verj' poor condition, notablj’ in Experiments 246, 252, 297, and 298, 
and yet on transference to standard conditions in vitro, their tissues 
when compared with the ether controls exhibited no changes that were 
large enough to be significant (as calculated for small series from the 
.standard error of the mean). 

The light ether anesthesia appeared to render these animals somewhat 
poikilothermic ; the temperature fell with time in a nearly linear fashion. 
Since low body temperature is usually a concomitant of shock, we al- 
lowed the temperature to fall.” Considering the fact that at tempera- 
tures below normal the basal metabolism will be less than it is at 38°, 
it could be argued that the circulation might have been adequate to 
minimize serious tissue hypoxia. The poor, even moribund, condition of 
the animals at the end of the experiments is against this being of major 
importance. 

Further eUdence that the tissue removed from the animals in shock 

’ When the temperature is maintained at the normal level, as in the experiments 
of Aub (1) on eats in traumatic shock and in those of Schlomovitz cl at. (9) on dogs 
m h^orrhagic shock, there is a decrease in total metabolism of 30 per cent or more. 
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was in good condition comes from a consideration of the rate of aerobic 
glycolysis. Lactic acid determinations on blood entering and leaving 
the head indicate that -with an adequate supply of oxygen glycolysis does 
not occur in the intact brain (McGinty (6)). In brain slices the high 
aerobic glycolysis observed in the 1st hour is usually attributed to dam- 
age suffered in preparation. In the 2nd hour it persists if at all at a 
much lower rate. The decrease in QS‘ in brain in shock (Group 3) from 
4.2 to 1.0 is indicative of the satisfactory condition of the mechanism that 
ordinarily prevents the appearance of lactic acid in vivo. The lactic acid 
output of liver was less than a Qg' of 1 in each case, so that these data are 
not reported in detail. 

For the rate of oxygen uptake of most organs of the body including 
kidnej’’ and resting muscle, the correspondence between data for the intact 
organ and for slices is fairly good (Richardson, Shorr, and Loebel (8); 
Richardson (7)). Brain has Leen regarded as an exception, for earlier 
work indicated a much higher metabolism in vivo than in vitro. More 
recentl}^ however, Chute and Smyth (3) have studied the metabolism of 
the isolated, perfused cat brain under conditions in which the activity of 
the corneal reflex was maintained. They reported values of from 10 to 
15 for the Qo, (c.mm. of Oa per mg. of dry tissue per hour) of whole brain, 
necessarily averaging the rates for cortex and for white matter. Krebs (4) 
has given values of from 2.8 to 4.6 for the Qoi of cerebral white matter 
from the rabbit. If about half of the cerebrum is graj' matter, it may be 
estimated that the Qoi for cat cortex in Table I is probably more than half 
the value for cortex in vivo. Hence the reservation should be made that 
the conclusion stated below holds only for the portion of the metabolism 
that persists in vitro. 

Shock did not appear to influence the mctaholisni of surviving tissue ivhen 
cither of the two buffers was tiscd. Our experiments indicate that the de- 
creased basal metabolism of the body as a whole in shock observed by 
others is not necessarily evidence of irreversible damage to the metabolic 
apparatus of the cells. The reduction in metabolic rate associated vdth 
surgical shock appears to be due in part at least to failure of the cellular 
0 X 5 'gen supply rather than to inability of the cells to utilize oxygen. 

I^fliile the following is not pertinent to the chief concern of this paper, it 
is interesting to observe that the data for the control series reveal two 
differences between phosphate and bicarbonate that were large enough to 
be significant. Gl 3 ’'colj’’sis in the brain in the 1st hour was twice as great 
in phosphate as in bicarbonate, if differences in method and shaker speed 
arc neglected. This maj’' be seen bj’' comparing the data for the ether 
control group in Table III vdth those in Table V. These were obtained 
b}' running three vessels in parallel and removing one at the end of the 
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preliminarj' period, the 1st hour, and the 2nd hour. The Qo' (aerobic 
glycolj'sis) in bicarbonate was 3.6 c.mra. per mg. per hour (1 c.mm. = 
0.004 mg. of lactic acid), which compares ndth Warburg’s value of 2.5 for 
the rat (13). The value of 7.4 for Qa‘ in phosphate was higher than one 
would expect but agreed with the results of T 3 der and van Harreveld (10) 
on rat brain in phosphate medium, if one attributes to gb'cob'^sis the 
glucose utilized in excess of the amount equivalent to the oxj'gen consumed. 
Our calculated Qa' for their data (assuming the dry weight to be one-fifth 
the wet weight) was 8.0 for the adult. 

Furthermore, it is interesting to obserx'e that the rate of oxygen uptake 
in heart muscle declined the 2nd hour more in bicarbonate than in phos- 
phate medium. Working with minced muscle, Krebs and Eggleston (5) 
found the oxj'gen uptake lower in bicarbonate than in phosphate medium. 

Table V 


Rate of Lactic Act'd Production by Brain in Phosphate Medium; Group 2, Ether Control 


Experiment 

No. 

Lactic acid accumulated at end of, 

1 mg . per gm. tissue 

Lactic acid per hr., 

1 mg, per gm. tissue 

0^^ c-mm*. per mg, 
tissue 

Preliminary 

period 

1st hr. 

2nd hr.* 

1 

1st hr. j 

2od hr. 

1st hr. 

2nd hr. 

257 

22 

58 

82 

36 

24 

9.0 

6.0 

259 

25 

53 

; 65 

28 

; 12 

7.0 

3.0 

261 

24 

44 

i 57 


1 


3.3 

263 

26 


i 74 

I 

34 

' 14 

8.5 

3.5 


7.4 

4.0 


^nmum 

■■■■■ 





* These data appear in Table I. 
t See note above Table III. 


Ether had two effects on brain that were significant to the extent that 
the difference in the means was 2.5 as great as the standard error of the 
difference. These were increases in glycoly.sis in phosphate from 54 to 
69 mg. per gm. and in Qq, in bicarbonate for the 1st hour from 9.7 to 11.7. 

We -wish to express our appreciation to Dr. Fritz Lipmann for his kind- 
ness in advising us at many times during this study. 

SUSIMARY 

The quantities of oxygen uptake and lactic acid output bj^ brain cortex, 
heart muscle, kidney cortex, and liver from cats in profound hemorrhagic 
shock were not signiffcantly different from control values. The drop in 
the total resting metabolic rate commonly found in shock is therefore 
apparently not dependent upon abnormality in the peripheral cells in so 
far as this can be determined under the conditions of these e.xperiments. 
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THE METABOLISM OF ACETOPYRUVIC ACID* 
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In 1937 Krebs and Johnson proposed that acetopj'ruvic acid (a, 7 -di- 
ketovaleric acid) may be an intermediate in the biochemical sjmthesis of 
ketone bodies from acetic and pyruvic acids (1). Their data showed that 
the sjmthetic compound was utilized readily and was quite active as a 
ketone former, when incubated with excised tissue slices. However, there 
are no further observations in the literature on the metabolism of this 
compound either in the intact animal or in excised tissues; the compound 
apparently has never been isolated from or .shou-n to be present in any 
natural source.' 

It was the purpose of this investigation to study seveml aspects of the 
metabolism of acetopjunvic acid in intact animals in order to supplement 
the results obtained in vitro by Krebs and Johnson, as well as to furnish 
data which might be more comparable to similar data obtained on the 
knoum true metabolites in vivo. 

In preparation for this program, the sjmthesis, reactions, and some 
derivatives of acetopj’ruvic acid have alreadj’ been studied in this labo- 
ratorj’ (3,4). 


EXPERIMENTAL 

Acelopyruvic Add — The compound was prepared as previouslj’ described 
(3) and was purified by sublimation under diminished pressure (60° at 
12 mm.), followed bj’ desiccation over phosphorus pentoxide and recrj’stal- 
lization from anhj’drous carbon tetrachloride. This proce.ss was I’epeated 
twice. It was found that anj’ trace of yellow or broum color in the crj'stal- 
lized acid invariably led to toxic signs when a solution of the sodium salt 
was injected intravenoiusK'. 

* This is an abbreviated account of a portion of a thesis submitted to the Graduate 
School of the University of tVisconsin in partial fulfilment of the requirements for the 
degree of Doctor of Philosophy. The work was conducted under the general super- 
vision of Professor E. J. Witzemann. 

' Since this paper was submitted for publication, an interesting report by Fosdick 
and Rapp has appeared (2). They have isolated a-keto-v-hj’dro.vy valeric acid (a 
reduced form of acetopynxvic acid) from the products of fermentation of pyruvic acid 
iiy Staphylococcus albus. This observation confirms the possibility that acetop 3 -ru vie 
acid may actually be a naturallj’ occurring intermediate metabolite. 

393 
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The solutions used in the experiments were made up by weight from the 
pure compound, followed by filtration. The filtrate should be colorles.s 
and water-clear. Neutral solutions Averc made up by titrating water solu- 
tions of the pure acid with sodium h 3 'droxide to pH 7.4 (with glass electrode 
and potentiometer). 

Determination of Acetopyrmic Add — ^Ivrebs and Johnson (1) determined 
acetopyruvic acid manometrically, using yeast carboxylase in the form of 
Lebedev extract. However, this method was found to be limited in appli- 
cation and did not provide any differentiation from other «-keto acids. A 
method was devised for the determination which is based on the alkaline 
hydrolysis of acetopymvic acid to acetone and oxalic acid (3). The oxalic 
acid formed Avas determined by a modification of the Merz and Maugeri 
method (5). Since oxalic acid as such already exists in blood and urine, 
an appropriate blank experiment is subtracted from the total oxalic acid 
values to give the amount of oxalic acid formed from acetopj'ruvic acid. 

The procedure follows. 

Blood — 10 ml. of blood AA'ere draAA’n into a cold syringe and quickly ejected 
Avith stirring into 10 ml. of 20 per cent trichloroacetic acid solution, contain- 
ing 0.1 ml. of 30 per cent sodium iodoacetate and 50 mg. of sodium fluoride. 
After 30 minutes the mixture AA'as diluted Avith 20 ml. of Avater, stirred, and 
filtered through dry paper. The residue AA-as AA'ashed Avith 10 ml. of water 
and the combined filtrates made up to volume. 

Urine — 0.5 volume of 20 per cent trichloroacetic acid solution AA'as added 
to each volume of urine; the solution AA'as filtered after 30 minutes and the 
precipitate, if there AA'as any, AA-as AA'ashed. The combined filtrates AA'ere 
made up to volume. 

Analysis of Filtrate — An aliquot of the filtrate Avas made strongly acid 
Avith 50 per cent H 2 SO 4 and extracted Avith etlier in a small Kutscher- 
Steudel type of continuous extractor until all the acetopyruvic acid was 
extracted (the time and rate of extraction must be determined previously 
for each apparatus; the partition coefficient {K = Co.] n H,so,/C'EtK)) 
acetopyruvic acid at 25° is 1.5G). This procedure is necessary to separate 
acetopyruvic acid from glucose, since the latter forms calcium-precipitable 
compounds on treatment AA'ith alkali. It also serves for the separation of 
the major part of the pree.\isting oxalic acid present in the sample, since 
all the acetopyruvic acid is extracted before much oxalic acid is removed. 
The ether extract was transferred quantitatively to a 50 ml. centrifuge tube 
and the ether evaporated off xmder a hood. 1 ml. of 0.01 m NaiHP04 solu- 
tion AA'as added to the residue, followed bj' 1 ml. of 8 N NaOH added drop- 
Avise AATth SAA'irling. The mixture AA'as alloAved to stand at 37° for at least 
10 hours to effect complete hydrolj'sis to oxalic acid and acetone. 1 drop 
of brom-cresol purple indicator (0.1 per cent) Avas then added and the 
contents of the tube carefully titrated to the transition shade of the indi- 
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cator (pH 5.2 to 6.8) w-ith 3 N HCl. Finer adjustment was made ndth 0.1 
N acid or base so that the solution was left about 1 drop to the acid side 
of the indicator (pH 4.6 to 5.2). A volume greater than 10 ml. was avoided. 
1 ml, of 10 per cent calcium chloride solution was added and the tube al- 
lowed to stand overnight. 2 drops of a saturated Ca(OH): solution, 
followed by 1 drop of 5 per cent MgCl; solution, were then added to the tube 
without stirring. The magnesium hydroxide formed aided in insxuing a 
compact precipitate on centrifuging. The mi.xture was then centrifuged 
and the supernatant liquid carefully poured off. The precipitate was 
washed with 1 ml. of water, centrifuged, and the supernatant discarded. 
To the residue were added 5 ml. of hot (70-80°) 10 per cent sulfuric acid 
with stirring until solution was effected. Some calcium sulfate sometimes 
remained insoluble, even after dilution with water. A drop of 1 per cent 
MnSO< solution was added as catalyst and the oxalic acid content of the 
tube titrated with standard 0.01 n permanganate solution to a 30 second 
end-point. Blank determinations (for whatever preexisting oxalic acid 
came over in the ether extraction) were performed bj' taking up the ether 
residue of a duplicate sample in 5 ml. of water and adjusting the pH of the 
contents as described above. 1 ml. of 10 per cent CaCh solution was added 
and the blank treated as further described above, beginning at the point 
of the addition of calcium chloride. This titration value is subtracted 
from the total oxalic acid titration to obtain the amount due to aceto- 
pyruvic acid alone. 

Calculation — 1 ml. of 0.0100 N potassium permanganate is equivalent to 
0.650 mg. of acetopyruvic acid. 

Recovery — ^Knowm amounts of acetopyruvic acid added to blood and 
urine were analyzed by the above procedure. The recoveries (Table I) 
show that the method is accurate to within 10 per cent and has a practical 
range do^vn to 0.2 mg., or 2 mg. per cent of acetopyruvic acid. 

The method was found to be fairly specific; the following compounds 
when added in a concentration equal to that of acetopyruvic acid in urine 
filtrates showed no interference greater than the observed e.xperimental 
error of the method: lactic, pyruvic, (S-hy^droxybuty^ric, succinic, malic, 
oxalacetic, fumaric, acetoacetic, citric, malonic, acetic, butyuic, uric, hip- 
puric, and caprydic acids, leucine, arginine, glyxine, creatinine, urea, and 
sodium ^-glycerophosphate. 

In cases in which glucose or carbohydrate is known to be absent, ether 
extraction is obviously not necessary. 

The method is natranlly subject to the Ihnitations of the oxalic acid 
method \ised, but it was found to be adequate for the studies reported. It 
iS not sensitive enough to detect the presence of any naturally occurring 
acetopy-ruvic acid in blood, if the compound indeed occurs in blood. 

Toxicity of Acetopyruvic Acid — ^The administration of approximately 
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isotonic solutions of sodium ncetopyruvnte in moderaie amounts by the 
intravenous, intraperitoneal, and subcutaneous routes, as well ns by stom- 
ach tube, to various laboratoiy animals produced no toxic signs. 

Amounts up to 0.5 gm. of the sodium salt could be given to rats by stom- 
ach tube in 5 to 10 per cent solution without signs of damage to stomach or 
intestinal mucosa or anj' gross toxic manifestations. Oral administration 


Tabi.k I 

Determination of Acctopyruvic Acid in Pure Solutinnn and in Blood and Urine 
The solutions used were made up nccurntely by weight; the blood and urine analy- 
ses were performed on defibrinnted blood and fresh urine to which had been added 
accurately weighed amounts of acctopyruvic acid. Blank determinations of pre- 
formed oxalic acid have been subtracted from the figures given below. 


Wei(;ht of acid in 10 ml. aliquot used 

Acid found 

Error 


ntR. 


ptr cent 

Pure solutions 

2. GO 

2.61 

-3.5 


2. GO 

2.54 

-2.2 


1.95 

2.04 

-f4.3 


1.95 

1.91 



1.30 

1.36 

-4-4.3 


1.30 

1.35 

-f3.8 


0.81 

0.84 

+3.5 


0.81 

0.84 

+3.5 


0.40 

0.38 

-5.1 


0.40 

0.37 

-7.4 


0.13 

0.10 



0.13 

0.11 

-9.0 

Blood 

2. CO 

2.72 

-f4.2 


1.95 


-f3.0 


1.30 

1.34 i 

-f2.7 


0.81 


-1.4 


0.40 


1 -2.4 


0.10 



Urine 

2. CO 


' -fO.5 


1.95 

1.98 

! -fl.7 


1.30 

1.34 

! -fS.l 


1.30 

1.30 

i 0.0 


of the free acid in 5 per cent concentration produced definite erosion and 
hyperemia of stomach mucosa. This was expected, however, since the pH 
of such a solution is approximately’^ 1.3. 

The intravenous administration of more concentrated solutions of sodium 
aeetopyruvate {i.e. 20 ml. of a 5 per cent solution) to dogs or rabbits over a 
period of a minute evoked respiratory distress, increased heart rate and 
blood pressure, and sometimes resulted in convulsions, followed by death. 
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This untoward reaction may be associated with the fact that aceto- 
PiTu^dc acid apparently binds calcium ions in complex form (1) and also 
forms an insoluble salt with calcium (3) ; other hazards of the intravenous 
route are well knomi. However, in less concentrated solutions these effects 
were at a minimum. It should be stated also that the presence of a yellow 
or brown impurity in the crj’stallized acetopynivic acid invariablj' resulted 
in comuilsions and respiratorj' distress. 

It was concluded that the pure compound is non-toxic in moderate doses. 

Excrelion of Acctopyrimc Acid after Its Administration to Animals — • 
Known amounts of sodium acetopyruvate were given to rats bj' stomach 
tube, guinea pigs by intraperitoneal injection, and to a dog by stomach 
tube after a preliminarj' fasting period of 24 hours. Analyses of the urine 
(collected from the animals in metabolism cages and presented with 
toluene) of the two subsequent 24 hour periods were performed for excreted 


Table II 

Excrelion of Administered Acetopyruvic Acid 


1 

Experi- 1 
ment 
No. 

1 

Animal* 1 

1 

Weight j 

Route 1 

1 

1 Dose 

i 

Average 

total 

urinan* 

N 

Excreted : 
acetop^’ru- <1 
vie acid in 
48 hrs. 

Per 

cent 

ex- 

creted 



gm. 


gm. per 
kg. 

gm. per 
day 

gm. 


1 

Rat (4) 

150-202 

Oral 

1 0.50 

0.087 

0.0031 

3.5 


“ (3) 

152-193 



O.OSO 



2 

Guinea pig (4) 

350-407 

Intraperitoneal 

j 0.25 

0.131 

0.0023 

2.4 


“ “ (4) 

361-401 


1 ' 

0.137 



3 

Dog (1) 

2410 

' Oral 

1 0.50 

1.89 

0.0210 

2.3 


“ (1) 

2590 

1 

i 

2.01 




* The figures in parentheses refer to the number of animals in each group. 


acetopj'ruvic acid. Only water was allowed during the 3 day period. 
Total nitrogen was determined by the Kjeldahl procedure. Urines of 
control animals were similarlv examined. The results are shown in 
Table II. 

In another series of experiments, conducted on rats, the influence of 
fasting on the excretion of acetopyruvic acid was studied. The rats were 
given 250 mg. of acetopyruvic acid (as the sodium salt) by stomach tube 
per day (in four divided doses) for 6 days. On the 1st and 2nd days they 
received water and standard Purina chow ration ad libitum; on the 4 
succeeding days, only water. The urines were collected and analyses of 
acetopyruvic acid excretion performed on the daily urine of each rat, a.« 
well as of control rats. These data are shown in Table III. Recoverj’ of 
administered acetopyruvic acid in no case amounted to more, than 4 per 
cent. On fasting, the amount excreted increased graduall}\ 
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There was no imbalance in nitrogen metabolism as evidenced by urinarj’ 
total nitrogen. Also, there was no evidence of detoxication ; acid and basic 
hydrolj'sis at 100° produced no substantial change in oxalic acid values. 
Extraction of the pooled and hydrolyzed urines with ether revealed no 
imexpected constituents nor was there any evidence of abnormal excretion 
of lactic, pyruvic, and glj''curonic acids or glycine as revealed b}-^ qualita- 
tive tests. 

The question arose as to whether acetopynivic acid was broken down b}’’ 
either the tissues or by intestinal microorganisms to oxalic acid, since the 
compound can be degraded in this manner in strongly alkaline solutions. 
Simultaneous detenninations of oxalic acid, in this case, should yield some 
infoimation about this possibility. The "blank” deteiTnination of oxalic 
acid used in the detennination of acctopyruvic acid obviously does not 
give any measure of the total preexisting oxalic acid, since most of it has 

Table III 

Excretion of Adrninistcred Acclopijntvic Acid by Rats on Normal Did and in Fasting 


250 mg. of acctopyruvic acid were given in four divided doses per rat per day by 
stomach tube and the daily urinary excretion determined. 




Per cent rcco\’crcd in urine 

1 

Total 

Rut No. 

Normal diet 


Fasting 


recovered (total 
administered 
l.SO pm.) 


1st day 

3nd day 

1st day 

2nd day j 

3rd day | 

4 til day 

1 

m 

0.1 

0.1 

0.0 

■ 

3.0 

gm . 

0.078 

2 


0.2 

0.0 

■a 

msm 

2.1 


3 

■1 



n 

0.7 

1.5 

■■ 


been separated in the course of the ether extraction. Therefore, separate 
determinations of preexisting oxalic acid were made b)^ the Merz and Mau- 
geri method, the ealcimn oxalate being precipitated at pH 5 in order to 
avoid simultaneous precipitation of calcium acetopymvate, which begins 
at pH 6. 

Determinations of oxalic acid and acetopymvic acid on the urines of 
control rats and rats given acetopynivic acid, under the same conditions 
as the experiments in Table II, were performed. The results, on a series 
of four animals in each group, showed that the controls excreted between 
0.2 and 0.9 mg. of oxalic acid over the 48 hour period, but no measurable 
amount of acetopj’^ruvic acid. The rats receiving acetopjTuvic acid ex- 
creted between 0.4 and 3.7 mg. of oxalic acid and between 2.9 and 4.2 mg. 
of acetopj'ruvic acid over the 48 hour period. It is clear that the adminis- 
tration of acetopynivic acid results in a small increase in oxalic acid 
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excretion. This increase amounts at the most to about 2.5 per cent of the 
oxalic acid that could be formed from the acetopj'ruvic acid given. Since 
ad minis tered oxalic acid is largely e.\ereted by the rat (6), it is not likelj’’ 
that any great amount of oxalic acid is formed from acetopjTuvic acid. 

A similar experiment to test completeness of absorption from the intes- 
tine and also to determine the possibilitj' of the production of oxalic acid 
from acetopJTU^^c acid by intestinal flora was performed. Two rats (loO, 
176 gm.), previously fasted for 24 hours, were given 1 gm. per kilo of body 
weight of sodium acetopyruvate in 0.25 m concentration by stomach tube. 
The rats, along with two control rats (given an equivalent amount of so- 
dium bicarbonate) were sacrificed 12 hours later and the entire alimentary 
canal washed out with warm 0.01 K H:iSO<. The washings w’ere treated 
with trichloroacetic acid, made up to volume, and analyzed for oxalic 
acid and acetopjTuvic acid. The control animals showed 2.1 and 1.7 mg. 
of oxalic acid for the entire intestinal contents and no demonstrable aceto- 
pyruvic acid. The rats receiving acetopyruvic acid showed 2.9 and 2.2 mg. 
of oxalic acid and 4.2 and 6.9 mg. of acetopyruvic acid. Little if any 
oxalic acid is foimd in excess of the control values. Only about 3 per cent 
of the acetopjTuvic acid ^ven remained in the ahmentary canal 12 hours 
after administration. 

As a corollary experiment, the rate of removal of acetopyruvic acid from 
the blood stream of dogs was also studied, following intravenous injection. 
Description of a tj'pical experiment follows. A bitch weighing 5.6 kilos 
was pven 1.00 gm. of sodium acetopyruvate in 2 per cent solution intra- 
venously over a period of 5 minutes. There was some respiratory distress. 
Blood samples were removed at 0, 0.5, 1.0, 1.5, and 2.0 hours and deter- 
mmations of acetopjTuvic acid and pjTuvic acid (7) performed. Curves 
showing the drop in blood acetopjruvate and the increase in the blood 
pjTuvate, and a typical curve of lactic acid removal for the pmpose of 
comparison are given in Fig. 1. AcetopjTuvic acid does not interfere 
measurably with the determination of pjruvic acid used (acetopyruvic 
acid foms l-(2,4-dimtrophenyl)-5-methylpjTazole-3-carboxylic acid with 

,4^nitrophenylhj'drazine (3), which is not appreciably extracted by 
Eodium carbonate solution from ethyl acetate). 

"Die rate of removal of acetopyruvic acid from the blood is apparently 
^ite comparable to the rate of removal of lactic acid, a true metabolite. 

e increase in blood pyruvic acid was small but consistent in four experi- 
ments and possibly indicates a conversion of acetopyruvic acid to pjruvic 
aci . There was no measurable increase in blood oxalic acid after injec- 
tion of the acetopyruvate. 

Ketogenesis from AceUypyruvic Acid — ^In their in vitro study, Krebs and 

0 on demonstrated that acetopyruvic acid is ketogenic with tissue 
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slices. It seemed desirable to determine whether and to what extent 
ketogenesis takes place in vivo. 

The technique used resembled that cmploj'cd bj' Deuel and associates (8). 
Eight female rats, weighing from 200 to 250 gm., wore divided into two 
groups. The animals were maintained on a normal stock ration for the 
first 2 days, followed by a 4 day fasting period. The daily urines were 
collected in metabolism cages. At the end of 24 hours of fasting 5 ml. of 
0.25 M sodium acetopyruvate were given by stomacli tube to the rats of 
one group; this dose was repeated at 39, 48, 04, 72, 84, 90, and 108 houis. 

Ketone bodj" analyses of the urine were made by the method of ^^an 
Sl3'ke (9). Acetopj'ruvic acid was also detennined. The ketone body 
analyses had to be corrected b}' subtraction of blank ketone analyses of 



Fig. 1. Removal of acetopyruvic acid from the blood of the dog in vivo with simul- 
taneous increase in blood pyruvic acid, showing also a typical curve of lactic acid re- 
moval from the blood. Curve A, lactic acid; Curve B, acetopyruvic acid; Curve C, 
pyruvic acid. 

solutions of acetopyruvic acid made up to correspond to that concentra- 
tion known to be present in eacli sample, since acetopyruvic acid in part 
hydrolyzes to acetone and calcium oxalate in Van Slj'ke’s copper-lime 
treatment. 

The data, in Table IV, show that a fasting ketosis is greatlj' augmented 
by the administration of acetopymvic acid. There was no ketonuria from 
acetopynivic acid when the animals were on a normal diet. 

The Question of Glycogefncsis from Acetopyruvic Add — It seemed desirable 
to determine whether acetopj'ruvic acid fonns liver gljmogen in fasting rats. 

Female rats about 3 to 4 months of age were fasted for 48 hours and di- 
vided into two groups. The animals in the experimental group were given 
4 ml. of 0.30 M sodium acetop3Tuvate solution at 0, 4.5, 10, 21, 30, 34, and 
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40 hours. The control rats received equivalent amounts of sodium bicar- 
bonate in an identical maimer. At 46 hours the rats were weighed and 
given 90 mg. per kilo of sodium amytal intraperitoneally. After 30 
minutes, the livers were quickly removed and weighed and liver glycogen 
determined by the method of Good, Kramer, and Somogjd (10); the sugar 
titration of Shaffer and Hartmann (11) was used. 

Parallel experiments were run on ethyl acetopyruvate and glucose, which 
were given in a single dose at 38 hours. The ester (0.25 gm.) was given 


Tabm IV 

Ketogenesis from Aceiopyruric Acid 

Acetopjnivic acid was administered as described in the te.xt and the daily excre- 
tion of ketone bodies as well as acetopyruvic acid was determined. Total ketone 
bodies are expressed as mg. of acetone excreted per rat per day, acetopyruvic acid as 
mg. excreted per rat per da 5 '. The figures in parentheses are the corrections which 
had been subtracted from each ketone figure due to interference of acetopyruvic 
acid {in terms of mg. of acetone per rat per day). 


Weight 
oI rat 

Ketone body eicretion j 

Acetopyruvic acid excretion 

j Normal | 

Fasting ] 

Normal j 

j Fasting 

1st 1 
day 1 

-2nd 

day 

3rd 

day 

4 th day | 

5th day 

6th day 

1 st 1 
day ! 

2nd i 
day 

3rd 

day 

4th 1 
day j 

5th 1 
day ] 

6th 

day 


Controls 


im. 

253 

240 

261 



0.30 

0.39 

0.42 

0.71 

0.89 

1.12 

1.72 

1.91 

2.42 

2.40 

2.62 

2.82 

0.0 


0*1 

0.0 

0.0 

0.0 

Animals receiving acetopyruvic acid 

270 

in 


ni 

2,20 

16.9 

24.2 

m 


m 

3.9 

2.5 

6.4 






(2.3) 

(4.1) 







232 

ESI 

0.0 

ES 

2.40 

14.8 


lEO 

lEO 

ED 

3.1 

4.2 

8.9 






(1.9) 

(3.4) 







248 

KB 

ESI 


2.10 

17.0 


Esl 

EB 

ED 

5.2 

2.3 

7.3 


! 

, 

I 


(2.3) 

(3.7) 








suspended in 5 ml. of water; the dose of glucose was 5 ml. of a 20 per cent 
solution. 

The collected data are given in Table V. 

As expected, there was no significant increase in per cent of liver glycogen 
after administration of acetopyruvate over control values, shotving that 
there is no appreciable formation of liver gb'cogen under these conditions 
from acetopyruvic acid. The eth 3 ’l ester likendse was not glycogenic; 
glucose produced the expected increase in gb'cogen. 
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In order to check this observation under widely different conditions, 
some experiments on the protective action of acetopyruvic acid against 
death by insulin hypoglycemia were performed. MacKay and his asso- 
ciates have used this method with success in testing the glycogenic action 
of citric acid (12). 

Female rats, 3 to 4 months of age, were fasted for 24 hours. They were 
then given 10 units of insulin (LiII}'’s iletin U-40) subcutaneously per sq. 


Table V 

Liver Glycogen Level in Fasting Rats after Administration of Acetopynwie Acid 


Experiment No. 

1 No. in 
group 

Body vveighl 

Liver glycogen 

Mini* 

mum 

Averase 

Maxi- 

mum 

Mini- ! 
mum 

Average 

Maxi- 

mum 



■ gg 

■ ■ 

gm. 

per cent j 

per cent 

per cent 

1. Controls 

12 



221 

wm 

0.12 

0.25 

2. Acetopyruvic acid 

9 

■ ■ 

19 

230 

tn 

0.11 

wm 

3. Ethyl ester 

4 

189 ! 

217 1 

231 

0.04 

0.09 


4. Glucose 

1 

3 

193 

210 1 

229 

0.79 

0.89 

IB 


Table VI 


Protective Action of Acetopyruvic Acid against Insulin Hypoglycemia 


Experinitnt No. 

, No. in 
group 1 

Body 

freight 

1 ] 

Body surface 

1 

Time of death 



gm. 

sq. dm. 1 

hr. 

1. Controls 


158-198 

3.30-3.89 

6.5, 5.4, 6.3, 6.3, 4.8, 6.1, 6.2, 
6.0, 6.5, 6.7, 3.8, 4.3; average 
5.7 ± 0.9* 

2. Acetopyruvic acid 


166-196 

3.40-3.78 

7.8, 8.3, 8.5, 7.5, 10.0, 10.9, 
11.0, 11.8, 10.6, 14.2; average 
10.1 ± 2.0* 

3. HCl (same pH as 
acetopyruvic 
acid given) 

4 

190-200 

3.74-3.89 

4.3, 4.3, 4.4, 4.6; average 4.4 


* The standard deviations of these observations arc included. 


dm. of body surface (13) at 0 hour. The experimental animals were then 
given 1.0 ml. of 0.25 M acetopyruvic acid per sq. dm. of bod}' surface by 
stomach tube at 1.5 hours. A control group received water, and another 
group, 1.0 ml. of 0.052 n HCl (same pH as acetop 3 ’’ruvic acid) per sq. dm. 
of body surface at 1.5 hours to control the high acidity of the acetopyruvic 
acid as a factor. The time of death of the animals was noted. The data 
are given in Table VI. 

It is clear from the data that there is a definite prolongation of life. 
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Actually, the high acidity of acetopyruvic acid may have obscured a poten- 
tially greater prolongation of life. The relief was quite noticeable on obser- 
vation of the animals. The protective action of some compounds against 
insulin has been interpreted as due to the formation of glucose, which 
relieves the hj^ioglycemic condition, and hence the protective action may 
he a criterion of the sugar-forming ability of the compound administered. 

DISCUSSION 

Although it is not known whether or not acetopyruvic acid actually is 
formed as an intermediate in mammalian tissues, the suggestive data of 
Krebs and Johnson, supplemented bj' the data here reported, show that 
the compound is metabolically verj' active and conforms to other criteria 
of a true metabolite; namely, rapidity of utilization, and convereion into 
other kno\\Ti true metabolites, such as the ketone bodies and possiblj- 
pyruvic acid or glucose. 

A verj" interesting possibility is also suggested by the data here reported. 
If acetopyruvic acid is an intermediate in the synthesis of 2-carbon frag- 
ments into ketone bodies (14), then the circumstances of the subsequent 
metabolism of acetopyruvic acid may in part reflect the terminal metabo- 
lism of fatty acids. This possibility has been discussed by Witzemann (15) 
and it seems unnecessary' to reproduce here the ideas developed in his 
publication. 

The non-formation of glycogen in fasting and the protective action 
against insulin hypoglycemia present an anomalous situation. The ex- 
planation may lie in two different mechanisms of breakdown, which may 
exrst under these two different metabolic conditions: 

Ifetojis-CHaCOCH.COCOOH -> CH,COCHjCOOH -1- CO- 

Ketone bodies 

^ypofflyccmia— CH,COCH.COCOOH CH.COCOOH + 2CO, -> glucose 

Pyruvic acid 

It is interesting that this behavior might have been predicted from tlic 
results of the oxidation of acetopj'ruvic acid by potassium permanganate 
in vilro which were previously reported (3). 

^ This situation is not entire^' novel; Butts cl al. (16) have reported that 
Lsoleucine is also both ketogenic and glycogenic. The similarity in struc- 
ture of isoleucine and acetopyruvic acid is striking. 

Tacilitics were not available for a more complete study of liver glycogen 

ormation, such as the studies of MacKay and associates (17) on the time 

actoi in glycogen fonnation. Furtherstudy of this point may be desirable. 
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SUMMABY 

1. Acetopynivic acid is non-toxic in moderate doses and is easily ab- 
sorbed from the alimentaiy canal. Only a very small percentage of the 
compound can be recovered from the urine after its oral or parenteral 
administration to laboratoiy animals. After intravenous injection of the 
compound the rate of its rcmo\'al from the blood stream is comparable to 
that of injected lactic acid. There is a small ri.se in the concentration of 
pyruvic acid in the blood after injection of acetopynivic acid. 

2. The compound is ketogcnic in the fa.sting state; it does not form 
liver glycogen under these conditions. 

3. Acetopyruvic acid shows a protective action against death b\’ insulin 
hypogtycemia, suggesting a po.s.sible convemion to glucose during a critical 
demand on blood sugar. 

4. The possible role and apparent pathways of metabolism of acetopyni- 
vic acid are pointed out. 
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THE RELATION OF THE DIET TO THE COMPOSITION OF 
TISSUE PHOSPHOLIPIDS 

I. THE NORMAL COMPOSITION OF LD^R AND MUSCLE LIPIDS OF 
THE RAT, WITH A NOTE ON THE ANALYTICAL PROCEDURES* 

By CAMILLO ARTOM and WILLIAM H. FISHMAN 

(From the Department of Biochemistry, Bowman Gray School of Medicine, Wake F orest 
College, Winston-Salem, North Carolina) 

(Received for publication, Februarj’ 11, 1943) 

As phospholipids are fundamental constituents of Ih-ing systems, it may 
be reasonably assumed that the normal composition of phospholipids in 
tissue is essential for the ■well being and the proper functioning of the organ- 
ism. Therefore, a study of the dietary factors ■which may be involved in 
the maintenance of such a normal composition ■would appear to be impor- 
tant from the nutritional \dew-point. Ho'wever, in this respect the present 
information is at best only indirect or fragmentary, possibly because pre- 
■vious investigators^ have been chiefly concerned ■with the formation of 
phospholipids and their r61e in the transport and intermediary metabolism 
of fatty acids. Moreover, in most cases the total phospholipids alone have 
been evaluated. Onl 3 '^ a few data on the choline content of the liver (4, 5) 
or of extracts of liver lipids (6, 7) were reported. 

We have undertaken a sj’-stematic study of the relation of the diet to 
the composition of tissue phospholipids of rats. For such a study, a rather 
complete knowledge of what may be considered the “normal composition” 
is essential. In this connection the available data appear to be inade- 
quate, especially in so far as indmdual phospholipids are concerned. 

Accordingly, standard procedures have been combined and modified in 
a scheme of analj’sis ■which was intended to give the greatest possible 
amoimt of information and still be compatible ■nith routine work. With 
this scheme, a series of determinations was made on rats^ 2 to 3 months old 
maintained on a mixed diet adequate for growth and health. Values were 
obtained for total phospholipids, choline-containing and non-choline-con- 

* Aided by grants from the Dazian Foundation for Medical Research and from 
the John and Mary R. Markle Foundation. 

' For a complete bibliography, the reader is referred to the articles on fat metabo- 
lism in the “Annual review of biochemistry** and to other review papers (1-3). 

* It seemed that **normal values** obtained from these animals would not be 
affected by the previous dictarj' history, as may be the case in recently weaned rats. 
On the other hand, any fundamental change in the composition of tissue phospho- 
lipids caused by an experimental diet would possibly appear sooner in growing 
animals than in the mature adult. 
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taining phospholipids, sphingomyelins, non-phosjiholipid fatty acids, and 
unsaponifiable matter. For our ana^'scs, liver and skeletal muscle were 
chosen, as the phospholipids of these two tissues show different rates of 
metabolism and might also have dissimilar physiological r61es, at least part 
of the phospholipids hi the liver being “lipometabolic,” whereas those in 
the muscle are probably of the “protoplasmic” or stnictural tjTie (8, 9). 

EXPEniMENTAL 

Male albino rats of the same strain were raised on a stock diet to about 
125 gm. This diet,’ of both animal and vegetable origin, contained 25 
per cent protein, 5.5 per cent fat, 4 per cent carboh 3 'drate, 11.25 per cent 
ash, and adequate amounts of idtamins. With such a diet, rats of between 
90 and 125 gm. exhibited an average daily gain in weight of about 4.0 gm. 

The animals were killed bj' decapitation. The liver and the muscles of 
the hind legs (freed as completelj'' as possible from visible fat and nerv'ous 
tissue) were each divided into two portions and minced under alcohol. One 
sample (1.5 to 2.5 gm. of liver, 2.5 to 4.0 gm. of muscle) was used for the 
choline, phosphorus, and sphingomj'elin detenninations, the other for the 
evaluation of the total fatty acids and unsaponifiable matter. 

M ethods 

Exlraclion of Lipids — The sample, dehydrated by alcohol, was ground in 
a mortar and extracted with several portions, first, vith boiling alcohol and 
next with alcohol-ether (2:1). The filtered extracts were reduced by 
evaporation on the water bath to a few cc. and the residue dried under a 
stream of nitrogen in a vacuum desiccator at 45°. The dried residue and 
the corresponding tissue remaining after extraction were treated with hot 
chloroform, the chloroform mixture filtered, and the filtrate brought to a 
definite volume. 

The effectiveness of the extraction process was verified (a) by the close 
agreement of phosphorus and fatty acid values in extracts prepared either 
bj’^ the procedure described or bj' extracting another sample of the same 
tissue Avith boiling alcohol for 8 hours in a continuous e.xtraction apparatus 
of the Kumagawa-Suto type or (6) by submitting the tissue, after extrac- 
tion of the lipids, to a direct saponification with NaOH in alcohol. The 
residual fatty acids usually represented less than 1 per cent and never more 
than 2 per cent of the total fatty acids present in the extracts. 

Total Phospholipids — These have been evaluated from their phosphorus 
rather than from their fatty acid content because of the greater convenience 
of phosphorus determinations in routine anal 3 fses. However, the calcula- 

• Rockland rat diet (complete), supplied by the Arcady Farms Milling Company, 
Chicago. 
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tion of total phospholipids on the basis of the theoretical amounts of phos- 
phorus in pure phospholipids would have been incorrect, as noticeable 
amounts of phosphorus-containing substances, other than phospholipids, 
are present in lipid extracts prepared from animal tissues (10). Such 
contaminating substances, although to a large extent precipitable by ace- 
tone + MgClj, do not contain fatty acids (11, 12). 

With the object of evaluating an empirical factor for the ratio of the 
pho.spholipids to phosphorus, the phosphorus was first detennined on a 
fraction of the chloroform extract by Tisdall's method (13), the indications 
given by Kirk (14) being followed. On another portion, three successive 
precipitations with acetone + MgCli were made, and the fatty acids of the 
precipitate determined acidimetrically wth a semimicroprocedure, pre- 


Table I 

Ratio of Phospholipids to Phosphorus in Lipid Extracts from Rat Tissues 


Tissue 

Fatty acids in 
acetone + MgCIi 
ppt. 

Phosphorus in 
chloroform solution 

Corrected factor 
mg. phospholipids* 
mg. P 


mit 

mg. 


Liver (whole organ) 

0.224 

4.02 

23.1 

(( (< (1 

0.242 

4.50 

22.3 

(t (t tt 

0.335 

5.81 

23.9 

K (t tt 

0.266 

5.18 

21.3 

H tt It 

0.377 

6.77 

23.1 

Muscle (10 gm.). , 

0.226 

3.94 

23.8 

“ 10 “ . 

0.258 

4.84 

22.1 

« JO .< 

0.229 

4.11 

23.1 

" 10 " 



0.226 

4.34 

21.6 

Average 

22.70 ±0.9 



• MiUimolea of tatty acids X 280 X 100/67.5. 


viously described (15). From the fatty acids, the total phospholipids were 
calculated, assuming an average content of 67.5 per cent fatty acids in 
tissue phospholipids (corresponding to a mixture of about 93 per cent 
nionoaminophospholipids and 7 per cent sphingomyelins). 

The ratio of total phospholipids to phosphorus is rather constant, as 
shown in Table I. The average value 22.7 has, therefore, been adopted in 
all our experiments for calculating the total phospholipids from the phos- 
phorus content of the chloroform solution. 

Choline-Conlaining and Non-Choline-Containing Phospholipids — Choline 
phosphohpids Oecithins and sphingom 3 'elins) have been evaluated from 
t e choline content of the chloroform extracts. Non-choline phospholipids 
( cephalins ) were estimated bj' difference between the total and the cho- 
Ime-contaming phospholipids. 
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For the choline deteiminations, an aliquot of tlie chloroform solution, 
after removal of the solvent, Avas refluxed for 3 hours vith 5 cc. of a 6 n 
solution of HCl in methanol (16) and the methanol removed under reduced 
pressure at 55°. The residue, thus obtained, was dissolved in 5 cc. of 
water and filtered and the volume of the filtrate noted. Unlike Erickson 
et al. (17), we obtained perfectl}’’ clear filtrates b}’’ the use of properly pre- 
pared asbestos filters. Choline was then precipitated as tlie emieaiodide 
and the precipitate separated and ivashed as described by Erickson el al. 
(17). Finally the precipitate was dissolved in chloroform, titrated with 
0.005 N thiosulfate solution, and the amount of choline and choline phos- 
pholipids calculated according to Kirk (14). 

Sphingojnyclins — ^An aliquot of the chloroform solution was evaporated 
to diyness, redissolved in 1 cc. of methanol, and the sphingomjmlins pre- 
cipitated with an acid solution of Reinecke salt (Eimcr and Amend), the 
phosphorus content of the precipitate finally being detennined. For the 
precipitation, washing, and re-solution of the precipitate, the directions 
given bj"^ Erickson et al. (17) were followed. 

However, unlike the results obtained bj' these authors, when the rein- 
eckate obtained from the liver and muscles of rats, after being washed witli 
cold methanol and ether, was further washed ivith cold acetone, we obtained 
considerably lower values for the sphingomyelin phosphorus. A similar 
observation has been reported b}*^ Hunter (18) in the course of sphingo- 
myelin determinations in the tissues of cats. 

In addition, comment on another point is necessarJ^ All authors v’ho 
have used Reinecke acid as a precipitating agent for sphingomyelins (16-22) 
have admitted implicit!}" that by washing tlie precipitate witli etlier the 
complete elimination of all lipids other than sphingom 3 '’elins ivould be at- 
tained. Such an assumption is questionable. Partially oxidized lecitliins 
and cephalins, which probabl}" appear in tlie extract during the A"arious 
manipulations, may be ver}" poorly soluble in cold etlier. Inasmuch as 
these substances would be redissolved with the sphingomyelin reineckate 
in the final treatment with hot methanol-acetone, values hi excess of the 
true sphingomyelin phosphorus present would be obtained. 

In an attempt to avoid this possible cause of error, the Reinecke precipi- 
tate Avas AA'ashed AA’ith chloroform, in AA’liich eA"en partially oxidized phos- 
pholipids are easily soluble. Control e.xperiments, in AA’hich the Reinecke 
salt AA'as determined as HSCN,^ liaAm giA^en the folloAving indications: 
(a) the acetone-soluble portion of the Reinecke precipitate is completely 
soluble in chloroform; (b) no further Reinecke acid is remoA^ed AA’hen the 
precipitate, first Avashed AAuth methanol and acetone, is subsequentl}" Avashed 

* In these determinations the solvent was distilled off and the dry residue boiled 
with dilute NaOH. After acidification with HCl, the HSCN was oxidized with a 
bromate-bromide solution and the e.xcess bromine evaluated iodometrically (23). 
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witli chlorofonn; (c) even after previous vrashing of the precipitate with 
methanol, ether, and acetone, slight but definite amounts of phosphorus 
may still be dissolved with chloroform. 

The above statements have been further substantiated in the following 
e.\T5eriment. The Reinecke precipitates obtained from the lipid extracts 
of twelve samples of rat muscles were first washed with ice-cold methanol, 
then with chloroform. The methanol washings were discarded. The 
chloroform solutions were pooled, the solvent distilled off, and the drj' 
residue treated first with ether, then Avith acetone, and finally with chloro- 
form, equal volmnes of solvents (about 20 cc.) being employed. 

In the (a) ether-soluble, (6) acetone-soluble, ether-insoluble, (c) ether- 
and acetone-insoluble fractions of the chloroform washing, and in (d) the 
washed Reinecke acid precipitate, the following values were obtained for 
phosphoins and Reinecke acid (as HSCN): P (a) 1.41, (b) 1.00, (c) 0.10, 
and (d) 0.35 mg.; HSCN (a) 0.04, (b) 2.25, (c) 0.00 mg. 

On the basis of these results, and with the assumption that only the 
acetone-insoluble fraction of the precipitate corresponds to the sphingo- 
myelin reineckate (16), in our analyses the Reinecke precipitate has been 
washed with six 1 cc. portions of ice-cold methanol, then with six 1 cc. por- 
tions of cold chloroform, and finally dissolved in hot methanol. The mg. 
of phosphorus in the solution were multiplied by 25 to obtain the amount 
of sphingomyelins. 

Non-Phospholipid Fatty Acids and Unsaponifiable Matter — Some refine- 
ments have been introduced in the analysis of total fatty acids by a simpli- 
fied (15) Kumagawa-Suto (24) procedure. To the sample of minced tissue 
in alcohol 5 cc. of 40 per cent NaOH solution and later 10 cc. of water 
were added. After saponification on a steam bath in an open beaker, the 
mixture was acidified with H2SO4 and extracted with ether. After removal 
of the solvent, the residue, dried at 55°, was dissolved in petroleum ether 
and filtered through asbestos into a weighed Erlenmeyer flask. The fil- 
trate was taken to dryness and the residue, corresponding to the fatty acids 
and unsaponifiable matter, was weighed. This material was then dis- 
solved in neutral alcohol, boiled with an excess of standard NaOH solution, 
and titrated back, with 0.1 n or 0.025 x HCl, as previously described (15). 

In order to calculate the amount of fatt3’’ acids from the titration figures, 
the value of the mean molecular weight of fatty acids present in rat tissues 
was required. According!}', a series of determinations on pooled samples 
of the liver and muscle of several rats was made. The fatty acids were 
titrated and their amount obtained by the difference between the weight 
of the petroleum ether extract and the wei^t of the unsaponifiable matter 
(extracted and purified according to Kumagawa and Suto (24)). A few 
analyses have also been made on the tissues of rats kept on choline-deficient 
diets, the livers of which showed marked fatty infiltration. 
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On the basis of these detemiinations (Table II), the following values for 
the mean molecular weight of the fatlj-- acids were adopted in converting 
our titration figures to weights of the total fatty acids; 273 for livers con- 
taining only moderate amounts of lipids, 280 for livers containing more 
than 100 mg. of fatt 3 ’’ acid per gm. of tissue, 2G5 for the skeletal muscles. 

Non-phospholipid fatty acids were estimated by subtracting the calcu- 
lated weight of the phospholipid fatty acids (67.5 per cent of the total 
phospholipids) from the weight of the total fatty acids. Tlie unsaponifiablc 
matter was obtained bj' difference between the weight of the petroleum 


Table II 


Mean Molecular Weights of Total Fatty Acids in Liver and Muscle of Rats 


Tissue 

No. of 
SAmplcs 
pooled 

Fftlty acids 
in 1 ^m. 

\<'et tissue 

Total petrol- 
eum ether 
ettract 

Unsaponifiablc 

matter 

Fatty acid 
titration. 

0.1 NNaOH 

Mtan niol. 
wt. of fatly 
acids 



f«i'. 

mg. 

m|. 

cc. 


Liver 

6 

32.2 

636.2 

69.2 

20.80 

272.6 

<1 

3 

43.9 

476.5 

39.0 

16.00 

273.4 

<( 

4 

49.7 

737.8 

68.8 

25.00 

271.6 

Average 

272.5 



Liver 

1 

■El 

m 

30.6 

14.05 


(( 

3 




47.70 


tt 

2 

BhI 


43.7 

68.76 


.Average 

280.3 



Muscle 




29.2 

11.60 


rt 




22.8 

9.20 




Wmm 


31.3 

22.05 


Avcrace 

265.3 




ether e.\tracts and that of the total fattj' acids, calculated from the titra- 
tion data. 

Total Lipids — These were evaluated as the sum of the total phospho- 
lipids, the unsaponifiablc substances, and the glycerides (non-phospholipid 
fatty acids plus one-tenth of their weight to account for the glycerol 
component). 

Limits of Error of Methods — ^14ie analytical error in our methods, as 
estimated bj' duplicate determinations, usualty did not exceed the follow- 
ing limits: 2.5 per cent for anatyses of phosphorus, 4.0 percent of choline, 
and 2.0 per cent of fatty acids. Tlie limits of error for non-choline phos- 
pholipids and unsaponifiablc matter, obtained through calculation by dif- 
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ference, yrere greater, but generally not in excess of 10 per cent. Duplicate 
anal3'se3 were almost alwaj'S performed for choline and very frequently 
also for phosphorus. 


Table III 

Lipid Fractions in Liver of Rats on Stock Diet {Values for I Gm. of Lipid-F ree Tissue) 


Rat 

Vo. 

Body 

weight 

Liver 

weight 

ToUl 

lipids 

Phospholipids 

Non- 
phospho- 
lipid utty 
acids 

Unsaponi- 

fiaole 

matter 

ToUl 

Cho1me<contalmss 

Xon- 

choline- 

coaUinieg 

Sphin- 

gomye- 

lins 


gm. 

|m. 

mg. 

mg. 

mg. 

per cent 
total pkos- 
pkehpids 

mg. 

mg. 

mg. 

mg. 

1 

113.2 

5.33 

47.0 

34.2 

21.4 

62.6 

12.8 


5.6 

6.6 

2 

134.0 

7.47 

44.9 

37.4 

21.7 

58.0 

15.7 


2.8 

4.4 

3 

132.8 

5.24 

46.4 

30.1 

17.9 

59.5 

12.2 


11.6 

3.5 

4 

131.3 


47.1 

36.0 

24.3 

67.5 

11.7 

3.6 

7.1 

3.3 

5 

133.7 


Bia 

30.0 

19.0 

65.0 

10.5 

6.8 

8.2 

5.0 

6 

113.0 

4.46 

44.2 

34.9 

■Bill 

64.4 

15.9 

0.1 

5.3 

3.5 

7 


4.78 

45.6 

30.4 

16.9 

55.6 

13.5 

4.7 

10.5 

3.6 

8 


mmni 

44.6 

32.8 

18.8 

57.3 

14.0 

3.7 

7.8 

3.2 

9 


5.47 

65.5 

33.7 

19.4 

57.6 

14.3 

0.2 

23.0 

6.5 

10 

1 125.5 

5.70 

51.2 

36.0 

23.0 

63.9 


0.7 

10.0 

4.2 


48.1 

33.6 

■ 

60.1 

j 13.4 

2.8 

9.2 

} 4.4 

Standard devia- 




±6.1 

±2.5 

j±2.6 

±4.1 

'• ±1.6 

1 

±2.4 

i ±5.2 

1 ±1.2 

i 





Table IV 

Liver Lipids Calculated for 1 Gm. of Lipid-Free Tissue or for Whole Organ of 

125 Gm. Rat 



} 

i 

ToUl 

linids 

Phospholipids 1 

1 

Noa-phos- ! 

phoUpid 1 
fatty adds, 

! 

t 

Unsaponi- 

fiaole 

matter 



Toul 

Choline- 

conUiniog 

Non- 
choline- 1 
containing! 

For 1 gm. 

Averages, mg. 

1 48.1 

33.6 

20.2 

13.4 1 

i 9.2 1 

4.4 

moist Hpid> 
free liver 

B.D., % 

1 

±12.7 

±7.7 

±12.9 

±11.9 1 

; ±56.5 1 

±27.3 

For whole 

j -A.verages, mg. 


176.8 

106.2 

70.6 1 

46.8 ! 

22.6 

liver of 125 
gm. rat 

S.D., % 

1 ±14.5 

1 

±16.1 

±18.6 1 

±13.4 

1 ±53.4 1 

1 i 

1 1 

±38.0 


Results 

Values for 1 gm. of moist lipid-free liver^ obtained from ten normal rats 
(113 to 133 gm.) on our stock diet are recorded in Table III. These ana- 

‘ Lipid-free tissue equals the weight of moist tissue minus the weight of the total 
lipids present. 
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lytical data have also been calculated for the whole liver and referred to a 
rat weighing 125 gm.® A comparison between the averages and the per 
cent standard deviations of the two groups of values is shown in Table IV. 
It is apparent that in the liver the concentration of the total and choline 
phospholipids in 1 gm. of lipid-free tissue is more constant than their 
amount calculated for the whole liver of a 125 gm. rat, while total lipids 
and non-choline phospholipids exliibit about the same moderate degree of 
variation. The non-phospholipid fatty acids and the unsaponifiablcmattfr 
show considerable variation when the results are expressed in both ways. 


Tablc V 


Lipid Fractions in Muscle of Rats on Stock Diet {Values for 1 Gm. of Lipid- 

Frcc Tissue) 


1 

1 

Total 

lipids 

Tltospholipids 

Non- 

phospho- 

lipid 

fatty acids 

Unsaponi- 

matter 

KalKo. 

Total 

ChoHnC'ContaimnR 

Non- 

choline* 

coniflininf: 

SphinRO- 

mycHns 


trts. 

mg. 

I per cent 
mg. \total phot- 
1 pheUpidt 

m- 

mg. 

mi. 

mg. 

1 

29.1 

10.0 

5.3 


5.3 


13.7 


2 

22.4 

mSm 

5.4 

51.4 

5.1 


S.O 


3 

20.0 

■EH 

0.0 

5 S .2 

4.3 


13.0 

2.0 

4 

IS . 9 

10.2 

5.3 


4.9 


6.9 

1.1 

r > 

B8I 

10.2 

5.2 


5.0 

0.1 

8.2 

0.9 


bh 

11.3 

5.2 

40.1 

0.1 


7.2 

0.9 

7 

21.0 

11.9 

G.I 

51.3 

5.8 


S.O 

0.9 

S 


n.c 

0.7 

57.7 

4.9 


23.8 

2.4 

9 

27.3 

12.0 

5.0 

46.7 

0.4 

KM 

12.4 

1.7 


21.8 

11.7 

5.5 


6.2 


8.2 

1.0 

Average . . 

24.8 

11.0 

5.6 

50.9 

5.4 

0.3 

11.0 

1.7 

S.D. . 

±0.1 

±0.7 

±0.5 

±4.0 

±0.6 

±0.3 

±4.9 

±0.8 


The results on the skeletal muscles of the same rats are reported in 
Table V. Here again the total, choline, and non-choline phospholipids 
are remarkably constant, while variable figures are obtained for the remain- 
ing fractions. 

As for the sphingomyelin values, the authors feel that more work is 

* This figure corresponds to the average final weight, of the animals. In the 
calculations, a dircet proportionality between liver and body weight was assumed. 
This is onb' approximately true, but may be justified for the purpose of comparing 
animals with similar body weights within the same group, as this method of ex- 
pressing the results reduces the variations due to factors such .as growth, food 
consumption, etc. 
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required to establish the significance of their data. With the present 
procedure, sphingomyelins in both liver and muscles of rats show the 
greatest variation. In any case, they would represent only a minor frac- 
tion of the total phospholipids (from just a trace to a fifth of the total 
phospholipids in the liver, and one-tenth of those in the muscle). Similar 
values on rats have been recentlj’ reported (22). 

SUMMARY 

As a preliminao' stage in a S 5 'stematic studj' of the influence of the diet 
on the composition of tissue phospholipids, an appropriate analytical 
scheme has been elaborated. This scheme allows the approximate evalua- 
tion, in a reasonable length of time, of total lipids, non-choline and choline 
phospholipids, sphmgom 3 'elms, non-phospholipid fattj* acids, and unsa- 
ponifiable matter on comparativelj' small samples of tissue. 

Values obtained for liver and skeletal muscles of ten rats, raised to about 
125 gm. on a mixed adequate diet, are reported. In these animals, total, 
chohne, and non-choline phospholipids show a remarkable constanc}', espe- 
cially when they are expressed on the basis of 1 gm. of lipid-free tissue, 
whereas non-phospholipid fatty acids and unsaponifiable matter exhibit a 
greater degree of variation. In future work, these values will be considered 
as representing the “normal” composition of liver and muscle lipids of a 
2 to 3 month-old rat. 
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THE RELATION OF THE DIET TO THE COMPOSITION OF 
TISSUE PHOSPHOLIPIDS 

II. CHANGES IN TISSUE PHOSPHOLIPIDS INDUCED BY 
EXPERIMENTAL DIETS* 

By CAMILLO ARTOM and WILLIAM H. FISHMAN 

[From the Deparlmenl of Biochemistry, Bowman Gray School of Medicine, Wake F oresl 
College, Winston-Salem, North Carolina) 

(Received for publication, February 11, 1943) 

Casein-contaming diets have been employed extensivelj’’ in nutrition 
studies, particularly in connection with the lipotropic action of choline.’ 
In most of these investigations, the total lipids or the total fatty acids alone 
have been determined. In a few cases, the pho.spholipid content in the 
liver has been reported, but, as a rule, residts have been compared mereh’ 
with those in which the experimental diet was supplemented with choline. 
There is no clear evidence that with this supplemented diet the “normal 
constitution” of liver lipids is maintained, an important consideration, in 
our opinion, which has not, thus far, received sufficient attention. To our 
knowledge, no information on the phospholipids in skeletal muscles of rats 
on casein diets is available. 

Data representative of what may be considered as the normal composi- 
tion of liver and muscle lipids in rats 2 to 3 months old, maintained on a 
stock diet adequate for growth and health, have been presented in Paper 
I (4). The modifications caused by transferring the animals to sjmthetic 
diets in which casein represented the only protein component are reported 
in the present paper. 


EXPERIMENTAL. 

Three experimental diets were used. Diet 1 contained casein (technical) 
10 parts, cod liver oil 5, Crisco 5, dextrin 37, sucrose 37, agar 2, salt mixture 
(Osborne and Mendel (5)) 4. 'i'itamin B complex (commercial) was sup- 
plied in the diet so that the average dailj' food intake would contain 
approximately 10 y of thiamine, 10 y of riboflavin, 1 7 of pyridoxine hydro- 
chloride, 100 7 of nicotinic acid, and 1 7 of pantothenic acid. Diet 2 con- 

Aided by grants from the Dazian Foundation for Medical Research and from the 
John and Mary R. Markle Foundation. A preliminary report was presented before 
the forty-first annual meeting of the North Carolina Academy of Science, April 24, 
1942. 

* For a bibliography on this subject, the reader is referred to review papers (sec 
(1-3)). 
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tained casein 30 parts, dextrin 27.0, sucrose 27.0; and Diet 3 casein 5 parts, 
dextrin 39.5, sucrose 39.5. Otherwise these were identical with Diet 1. 
Altogether 5 parts of diet were mixed with 1 part of distilled water in 
order to obtain a desirable consistency. All three c.x]icrimcntal diets con- 
tained less fat than diets usually emploj'cd in the studies on the lipotropic 
action of choline. The intention here was to a^mid the increase in the 
amount and in the rate of sjmthcsis of liver phospholipids by liigh fat 
diets (6, 7). 

Male albino rats, raised on our stock diet to a body weight of between 
90 and 100 gm., were transferred to one of tlie casein diets. After various 
periods of time, during which the dail}' food consumption and the body 
weight were recorded, the animals were killed by decapitation, and the 
liver and muscles analj'zcd for the various lipid fractions as described (4). 

Most of the animals on Diet 1 increased in weight, altliough at a dis- 
tinctl}’^ subnormal rate. Little •change in weight was obsen'ed with Diet 3, 
whereas Diet 2 usualh' insured a rate of growth almost identical witli that 
of rats on our stock diet. No deaths occurred during the experiments. 

Results 

Experiments with 10 Per Cent Casein Diet — Results of tlie anal 3 'ses of 
the liver and muscles of tliese rats are shown in Tables I and II. In these 
tlie data have been expressed on the basis of 1 gm. of lipid-freo tissue, so 
tliat the}’’ are independent of the considerable variations in the total lipid 
content of the tissues. 

Liver lipids have been calculated also for the whole organ and referred 
to a 125 gm. rat.- Individual data tluis calculated are omitted, but tlie 
averages and tlieir standard deviations have been included in Table III. 
In this table the averages’ of the values obtained from botli the liver and 
the muscles of rats on the diet containing 10 per cent casein are also com- 
pared^ with the corresponding values of similar rats on the stock diet (4). 

From a comparison of the averages (Table III), it appears tliat in the 
Ih’er of rats fed the 10 per cent casein diet values for total, choline-, and 

- See (4), foot-note 6. 

’ Changes in the liver pliospholipids on the 7th day of the experiment were irregu- 
lar. In addition, Rat 6 showed an unusually low concentration of choline phospho- 
ipids in the liver, and was the only one to lose weight. Accordingly, values of 
Rats 1, 2, 3, and 5 have not been included in the averages (although their inclusion 
would not have altered our conclusions). 

■* The statistical significance of the differences between the averages has been 
estimated by calculating the values of I, according to Fisher’s procedure (8).' In our 
e.xpenmcnts, values of I greater than 2.101 for liver lipids or 2.120 for muscle lipids 
indicate the probability of a chance occurrence being less than 5 in 100. The cor- 
responding limits for a 1 to 100 probability are 2.878 and 2.921. 
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non-choline-containing phospholipids exhibited significant decreases by 
either method of expressing the results. However, the significance is 
greater when these are expressed as concentration in the lipid-free tissue 
rather than as total content in the liver of a 125 gm. rat. The fact that 
values from rats on the experimental diet were affected by one additional 
variable (time on diet) suggests an even higher significance for the differ- 
ences between the grand averages than is shown in our calculations. The 

Table I 

Lipid Fractions in Liver of Hals on 10 Per Cent Casein Diet for Various Periods of Time 
(Values for 1 Gm. of Lipid-Free Tissue) 


The average daily food intake was 8.1 gm. 



Days 

6n 

diet 

Body weight 



Phospholipids 

Non- 

phospho- 

lipid 

fatty 

acids 


Rat 

Xo. 

Initial 

Final 

Liver 

weight 

ToUl 

lipids 

Total 

Choline- 

contaioing 

Non- 

:hoUne- 

coa- 

taining 

Sphin- 

gomye- 

lins 

poniBable 

matter 



tm. 

tm. 

tm. 

ffir* 

mr- 

mt. 

'>er cent 
total 
Pkos^ 
pko- 
lipids 

mt. 

mg. 

mg. 

mg. 

1 

7 

103.9 

114.3 

6.60 

131.8 

24.2 

23.6 

97.5 

■im 




2 

7 

97.3 


5.17 

115.6 

ISiMil 

9.6 

48.0 

■cIkI 

1.7 

81.3 


3 

7 

mom 

■BHH 


65.4 

29.4 

J5.1 

51.4 

14.3 

3.1 

27.2 

6.1 

4 

12 

BHin 

127.3 

5.56 

mritwi 


10.5 

51 .5 

9.9 

1.3 

41.1 

5.1 

, 5 

12 

91.5 

■yjiii 

5.05 

55.3 

17.9 

7.1 

39.7 

IBM 

1.7 


4.0 

6 

12 

98.0 

115.5 

5.61 

61.3 

22.8 

11.1 

48.7 

11.7 


29.7 

5.8 

7 

19 

110.3 

156.6 

BSli| 

154.5 

25.8 

13.8 

53.5 



114.5 

2.7 

8 

19 

106.3 

mwMt 

9.95 

379.3 

25.1 

14.4 

57.4 



[KilKfllJ 

15.4 


19 

99.1 

133.3 

6.32 


22.5 

13.2 

58.7 

9.3 


68.7 


H ! 

28 

98.3 

124.8 

6.21 

229.1 

28.9 

16.7 

57.8 

12.2 


177.5 

4.9 

H : 

28 

87.3 

■IMH* 

4.14 

127.8 

23.7 


50.6 

11.7 

1.4 

83.7 

12.0 

H 

28 

92.{ 

132.C 

8.42 

389.7 

22.8 


70.2 

6.8 

0.9 

328.5 

5.5 


35 

95.£ 

176.3 

6.65 

152.7 

28.6 

16.6 

58.0 

12.0 


97.5 

16.8 

p 

35 

IBS 

109.3 

J 6.86 

314.5 

21.4 

12.1 

56.5 

9.3 


253.5 

14.2 


percentage of choline-containing in the total phospholipids was lowered, 
but the statistical significance of the decrease is doubtful. 

If the values obtained from the liver of individual rats are examined 
(Table I) and compared with those on the stock diet (Table III), it may be 
seen that after 7 days of the experiment the composition of phospholipids 
in the liver was altered, but at this time the changes were irregular and in 
two of the'three rats only one fraction was concerned. The lowest con- 
centrations for both total and choline phospholipids (as well as definitely 
low values for non-choline phospholipids) were obtained in the three rats 
killed on the I2th day of the experiment. In the later periods, not as small 
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figures for choline phospholipids were found, some of those obtained on 
the 28th or 35th daj' approaching tlie lower limit of normal values. How- 
ever, rats Avhich grew jioorly showed consistently Ioav values for cholme 
phospholipids even after 4 or 5 weeks on the sjmthctic diet. Non-cholinc 
phospholipids remained loAA'cr than normal during the entire e.xperimental 
period. 

Averages for total lipids and non-phospholipid fatt}' acids in the liver 
Avere considerabl}^ above those obtained Avith the stock diet (Tabic III). 
The increase Avas due mainly to an accumulation of neutral fats, as the 
change in the unsaponifiable matter aa’cs comparatively' slight. Higher 


TAni.E II 

Lipid Fractions in Mnsclc of Rats on 10 Per Cent Casein Diet for Various Periods 
of Time {Values for 1 Gm. of Lipid-Free Tissue) 





Phospholipids 
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phospho- 

lipid 

fatty 

acids 

Unsaponi- 

fiable 

matter 

Rat. 

No. 

Days 
on diet 

Total 

lipids 

1 Total j 

Choline>containing 

Non- 
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5.0 1 

62.0 : 

3.3 


26.9 

2.0 

.S 

7 

39.2 

i 11.9 

! 7.2 ! 

60.5 1 

4.7 


! 22.4 

2.7 

4 

12 

47.2 

1 JO.O 

5.4 1 

54.0 1 

1 4.0 

I 0.9 

32.5 

1.4 

5 

12 

33.5 

' 7.1 

! 

49.3 1 

1 3,0 

i 0.0 

22.0 

1.5 

U 

12 

30.4 

9.0 

i ’^-6 

37.5 ; 

0.0 i 

1 

22.6 

1.9 

7 

19 

55.0 

' 10.0 

: 6.0 

' 50.0 ■ 

t 5.0 

1 

39.8 

1.8 

10 

28 

34.2 

, 8,7 

i 5.0 : 

57.5 

3.7 


20.8 

2.6 

n 

28 
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28 
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1 9.0 

! 5.1 i 
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26.3 
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13 

35 
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i 5.5 1 

53.9 

i 4.7 

; 0.1 

20.2 

1.5 

14 

35 

I 39.1 

10.2 

i 

51.0 

j 5.0 

j 0.1 

1 

24.8 

1.6 


figures for non-phospholipid fatty acids Avere found after the 12th day 
of the experiment (Table II). 

Values for total, choline-, and non-choline-containing phospholipids in 
muscles of rats on the diet containing 10 per cent casein (Table II) Avere 
frequently loAver than normal. HoAA'CA'er, the differences betAveen the 
aA’erages aie not statistically significant (Table III). Occasionally' Avhen 
the modification in either one of the phospholipid fractions of the liver AA’as 
especially marked, it appeared to be reflected to some extent in the muscles 
(Tables I and II, Rats 1 and 5). 

1 he most significant change induced in the lipid constitution of muscles 
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by the experimental diet was the increase of non-phospholipid fatty acids 
(Table III). As in the liver, the increase was essentially due to an accu- 
mulation of neutral fat. However, no definite relationship was apparent 
bet^veen the degrees of the fat accumulation in these two tissues (Tables 
I and II). 


Table III 


Comparison of Average Values for Liver and Muscle Lipids of Rats on Stock Diet and 
on 10 Per Cent Casein Diet 


Lipids 

Diet 

« 

O 
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Non- 

phospho- 

lipid 
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IE 
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22.6 
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±19.8 
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56.0 
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2.94 

3.09 
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±4.0 
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±0.8 
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4.9 

nn| 
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±9.6 
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±0.6 
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±0.6 
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±0.5 


i {n — 


3.57 

' 1.97 



1.43 
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0.29 


16) 




1 

1 






* 1, according to Fisher (8); n = degrees of freedom. 


Experiments wilh 5 and SO Per Cent Casein Diets — In Table IV the aver- 
ages and standard deviations of the various lipid concentrations in the liver 
and muscles of rats, maintained for 12 or 19 days on Diets 1, 2, and 3, are 
compared. 

Values for choline phospholipids were lower in the liver of all three groups 
of animals than in rats on the stock diet, although the decrease was less 
marked tvith the 30 per cent diet than with those containing 5 and 10 per 
cent. The concentration of non-choline phospholipids was affected differ- 
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ently by the various diets : no change from the values of the stock diet in the 
rats on the diet containing 5 per cent casein, a decrease with the 10 per 
cent casein, and an increase with the 30 per cent casein.*^ With the 5 and 
10 per cent, but not with the 30 per cent diet, averages for total lipids and 
non-phospholipid fatty acids in the liver were high as compared to the cor- 
responding values of rats on the stock diet. 

As for the muscle, the average values for all lipid fractions obtained from 
the three groups of animals (Table IV) showed similar differences which. 


Taulk IV 

Lipid Fraclions in Liver and Muscle of Rats on 5, tO, or SO Per Cent Casein Diet for IS 
and 19 Days (Average Values for 1 Gm. of Liptd-Free Tissue) 
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1 ±2.4 1 
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±1.4 

±98.4 

.2 
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17.2 

17.1 
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±1.7 1 

1 ±1.3 
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5» 
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9.4 

4.0 ! 

1 42.6 
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26. 9 

2.5 
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±0.7 
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i 43.2, 9.2 

4.4 

{ 47.8 

' 4.8 

i 29.4 

1.7 




; ±8.6 

±1.1 

±0.8 

1 ±6.1 

±0.7 

i ±7.3 

±0.3 


30t 

4 

28.3 

10.8 

4.9 

! 45.4 

5.9 

i 13.9 

2.2 




±6.4 

±0.9 

±0.3 

1 ±1.6 

1 

±0.9 

1 

±6.0 

±1.0 


* Average daily intake of food, 7.3 gm. 

t Averages of rats on 10 per cent casein for 12 and 19 days (sue Table I), 
t Average daily intake of food, 10.9 gm. 


however, were smaller than the corresponding differences just described in 
the liver.® 

‘ As in the liver of rats on the diet containing 30 per cent casein, both phospholipid 
fractions are higher than in those with the 5 and 10 per cent diet; consequently the 
concentration of total phospholipids varies in the same direction as the casein level, a 
finding which is in agreement with previous observations (9). 

* Even after 4 weeks on the diet containing 30 per cent casein, the composition of 
phospholipids in tissues is not yet normal. Thus in two rats maintained on this diet 
for 28 days, the following values (not included in the averages of Table IV) were 
obtained: in the liver, choline phospholipids 19.3 and 16.5 mg., non-choline phospho- 
lipids 10.6 and 6.8 mg.; in the muscle, choline phospholipids 6.5 and 7.7 mg., non- 
choline phospholipids 3.5 and 3.3 mg. Consequently the percentage of choline- 
contqining in the total phospholipids was considerably above normal in both tissues. 
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DISCUSSION 

The results constitute definite evidence that in rats 2 months old diets 
containing casein as practically the sole protein component cause a marked 
modification in the normal composition of liver phospholipids, the most 
characteristic alteration being a decrease of the choline-containing phos- 
pholipids (more precisely of the lecithin fraction). 

A fall in the concentration of total phospholipids in the liver when rats 
were transferred shortlj"^ after weaning from the stock diet to a high fat, 10 
per cent casein diet has been recently mentioned by Patterson and Mc- 
Heniy (10). Unlike theirs, in our experiments the modifications in the 
composition of liver phospholipids were not fully developed until the 2nd 
week of the experiment. Moreover, such modifications were still detect- 
able even after 5 weeks on the diet. It seems therefore unlikely that the 
effects observed by us may be ascribed merely to changes in the dietary 
habits of the animals. 

As a cause of these changes, some dietary deficiency appears to be a more 
logical explanation. A quantitative deficiency of dietary proteins, as in 
our diets containing 5 and 10 per cent casein, can be excluded for the reason 
that the decrease of liver lecithins is still detectable with the 30 per cent 
diet. Likewise, this finding is apparently not in line with the hypothesis 
that a poor supply of choline or choline precursors was responsible. In- 
deed, the 30 per cent casein proved almost completely effective in prevent- 
ing the fatty infiltration but not the fall in liver lecithins. jMoreover, in 
none of our other experiments was a uniform relationship found between 
the extent of the changes in the phospholipid and in the neutral fat frac- 
tions. Further evidence on this subject will be presented in Paper III. 

Phospholipids other than lecithins seemed to be less uniformly affected 
by the experimental diets. At any rate their modifications, unlike those of 
the lecithins, were not in the same direction when the percentage of dietary 
casein was varied. Perhaps the increase of non-choline phospholipids in 
the rats on the 30 per cent casein diet may be related to the presence in 
casein of a serinephosphoric ester (11, 12) which could be viewed as a pre- 
cursor in the S3Tithesis of serine-containmg (13), possibly also of ethanol- 
amine-containing phospholipids (14). 

Variations of the non-phospholipid fatty acids in our experiments were in 
agreement with the well established relation between the choline supply in 
the diet and the fat infiltration in the liver (1-3), except, perhaps, that in 
many of our rats the degree of fatty infiltration was lower than that usually 
described by others. This may be explained by the fact that in most of 
these previous studies the experimental diets contained much greater 
amounts of fat. 

The elevation of neutral fat in rats on our diets containing 5 and 10 per 
cent casein was not limited to the liver but occurred also in the muscle, a 
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finding wliich had not been clearly shown in previous worlc. The increases 
were proportionally smaller in the muscle, but ns this tissue represents as 
much as one-half of the body weight, the significance of this accumulation 
of fat for the general econom 3 ’ of the organism may be considerable. The 
almost complete prevention of fattj’ infiltration bj' 30 per cent casein was 
apparent in the muscle ns well as in the liver of our rat.s. 

SUMMAUY 

Young rats, transferred from a stock diet to an experimental diet con- 
taining casein at 5, 10, and 30 per cent levels, exhibited a marked decrease 
in the concentration of choline-containing phospholipids of the liver. Min- 
imum values were reached on the 12th da.v, afterwards tending to rise. 
Less imiiorm changes were obsen'ed in the non-choline phospholipids of the 
liver. The phospholipid composition of the .skeletal muscle was only 
slightly affected bj’ the experimental diets. 

Neutral fat accumulated in the muscle ns well as in the liver of rats on 
diets containing 5 and 10 per cent ca.sein, but not on the 30 per cent casein. 
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THE RELATION OF THE DIET TO THE COMPOSITION OF 
TISSUE PHOSPHOLIPIDS 

III. EFFECTS OF SUPPLEMENTED EXPERIMENTAL DIETS ON TISSUE 
PHOSPHOLIPIDS IN RATS OF TWO AGE GROUPS* 
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{From the Department of Biochemittry, Bowman Gray School of Medicine, Wake F oreel 
College, Wimton-Salem, North Carolina) 

(Received for publication, February 11, 1943) 

^lodifications in the composition of tissue phospholipids were observed 
when rats were transferred from a stock diet to experimental diets in which 
casein supplied the protein requirement, the most characteristic change 
being a marked reduction of liver lecithins (1). This suggested that some 
factor (or factors), perhaps essential for the maintenance of the normal 
level of lecHLms in the liver, maj' have been deScient in our diets. As 
these were more or less low in choline, the likelihood that choline repre- 
sented the factor limiting the synthesis of lecithins appeared to be the sim- 
plest explanation, although our previous results (1) did not favor this in- 
terpretation. To obtain more conclusive e^^dence, experiments iidth 
supplementation of choline (and a choline precursor, methionine) were 
made. The action of other nitrogenous components of phospholipids, such 
as ethanolamine and serine, was also studied. In addition, to test the 
possibility that a deficiencj' of cystine or glycine in the casein maj’’ have 
been responsible, supplementation of the diet rvith these substances was 
tried. 

At the time these e.xperiments were completed, results that apparently 
differed from ours were published (2-4). As in these investigations 
younger animals than in our experiments were employed, some choline 
supplementation experiments were repeated in Avhich weanling rats were 
substituted for rats 2 months old. 

EXPERISIEOTAL 

In the majority of our experiments, rats of the same strain and age (about 
2 months old) as in the previous investigations (1, 5), were transferred from 
the stock diet to an experimental ration (Diet 1, containing 10 per cent 
casein (1)) for 7 days. Then the supplement was administered daily until 

* Aided by grants from the Dazian Foundation for Medical Research and the 
John and Maiy R. MarkIc Foundation. Preliminary reports were presented before 
the North Carolina Academy of Science (Forty-first annual meeting, April 26, 1942) 
and the American Physiological Society (March, 1943). 
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the end of the experiment. Onl 3 ' in one cn.sc (Rat ]) was the choline sup- 
plementation initiated immediatclj'. 

The supplements included choline hj'drochloridc, choline hydrochloride 
-f Z-cystine, cthanolamine, dZ-serinc, gl.ycino, Z-c 3 ’slinc, (■ZZ-mcthioninc, and 
(ZZ-methionine -}- Z-cj'stine.' Amounts vnr 3 ’ing from 50 to 150 mg. daily 
were given. In most cases, a solution of the supplement was administered 
by stomach tube; othcnvisc it was thoroughly' mixed with the diet. 

In a smaller group of experiments of 10 days duration, newly weaned rats 
were used. Two of them were maintained on our stock diet, and seven on 
the diet containing 10 per cent casein. Seven other rats were transferred 
directly from the nursing mother to the experimental diet containing 
choline hydrochloride. 

In both groups of experiments, the animals were killed by' decapitation 
and the lipid fractions in the liver and skeletal muscles analyzed as de- 
scribed (5), except that, in some cases, determinations were limited to the 
liver. Occasionally, saponification was omitted, the total lipid content 
being estimated from the weight of the final chloroform extract. 

It was observed that dZ-seiine exerted a highly' injurious action when 
given by stomach tube in amounts of 100 mg. daily to rats on our e.xperi- 
mental diet (6). In addition, four out of six rats receiving 100 mg. of 
ethanolamine daily by stomach tube died within 3 days. This finding is 
now the subject of a separate investigation. One rat receiving 150 mg. of 
choline hydrochloride died on the 10th day' of supplementation. With the 
exceptions noted, the administration of the supplements either by’ stomach 
tube or in the diet appeared to be harmless. 

Results 

Experiments with Rats 2 to 3 Months OZd— Results obtained on the liver of 
rats receiving choline hy'drochloride supplements arc reported in full in 
Table I. For the sake of brevity', individual data on the muscle of these 
rats and on the liver and muscle of the other groups of animals har'c been 
omitted. Only' averages and standard deviations of rats maintained on the 
various diets for 12 and 19 day's are recorded in Table II and compared with 
similar values previously' obtained on rats on the stock (5) and on the un- 
supplemented experimental diets (1). 

It is apparent that with all the supplements the concentration of choline 
phospholipids in the liver (expressed as mg. for 1 gm. of lipid-free tissue) 
was essentially' the same as in rats on the imsupplemented diet. Several 
additional data (not reported) on rats, maintained for longer periods on the 
supplemented diets, further support this statement. The analytical data 

_ > All supplements were purchnsod from Merck and Company, Inc., Rahway, 
Xew Jersey. 
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have also been calculated for the whole liver of a 125 gm. rat. Even i\-ith 
this method of expressing the results, no significant effect of supplemen- 
tation was evident, except for some of the animals receiving cystine or me- 
thionine, which exhibited definitely higher values.^ 

With most of the supplements, especially with ethanolamine, somewhat 
higher values for non-choline phospholipids were found in the liver. 


Table I 

Lipid Fractions in Liver of Rats on 10 Per Cent Casein Diet Supplemented with Choline 
Hydrochloride {Values for 1 Gm. of Lipid-Free Tissue) 


The average daily intake of food during the supplementation period was 9.34 gm. 
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* The figures in parentheses indicate the days on the supplemented diet, 
t Supplement mixed in the diet. 

t In addition 130 mg. of /-cystine daily, mixed in the diet, were given. 


Variations of individual values for non-phospholipid fatty acids were so 
great that the comparison of the extent of fat accumulation has been diffi- 
cult. However, on the ba.sis of the averages, the amounts of neutral fat 

’ As in these animals the concentration of the choline phospholipids was not 
appreciably altered, the larger amount for the whole liver was apparently due to an 
incre.ase in the liver weight (which was evident even after exclusion of the lipids and 
on the basis of a 125 gm. nat). In our opinion, the biological significance of differ- 
ences observed by calcrdating the data for the whole liver may be questioned when a 
line.ar relationship between liver and body weight is not maintitined. In such cases 
more weight should be given to concentration values, which may express more closely 
fundamental changes in the chemic.al org.ani 2 afion, and, therefore, in the physiologi- 
cal activity of the living cells. 
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Co7npansojt of Arcrapc Vnliics for Liver and Muscle Lipids of S Monlh-Old Rats on 


Various Diets for IS and ID Days (Values for I Qm. of Lipid-Fret Tissue) 
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inp 

Non- 

pros* 

pho* 

lipid 

fatly 

acid^ 

Unsa* 

poni* 

hable 

matter 









per cent 












total 








gm. 

mg. 

rfg. 

mg. 

phot' 

mg. 


rtg. 









pho- 
















Liver 

Stock 

None 

10 

5.52 

48.1 

33.0 

20.2 

GO.l 

13.4 

9.2 

4.4 





±0.78 

±C.l 

±2.5 

±2.0 

±4.1 


±5.2 

±1.2 


Casein 

f i 

G 

G.57 

137.8 

22.4 

11.7 

52.2 

■HE 

98. 7 

6.8 


10% 



±1.71 

±132.3 


±2.4 

±0.5 

±1.4 

±98.4 

±4.2 


Same 

Choline 

ct 

5.1G 

43.2 

24.4 

11.7 

48.0 

12.7 

13.6 

3.8 



IICl 


±0.97 

±22.5 

±2.5 

±1.8 

±7.0 

±1.8 

±0.3 

±1.5 


f( 

Jithanol- 

■1 

5.73 

156.9 

27.7 

12.0 

43.3 

15.7 

113.4 

4.5 



amine 


±0.94 

±G7.5 

±3.7 

±1.0 

±5.8 

±3.9 

±03.3 

±2.5 


tt 

rf/-Serinc 

5 

5.03 

97. C 

24.5 

11.0 

48.0 

12.0 

00.6 

6.4 





±0.19 

±25.0 

±2.3 

±1.5 

±3.9 

±2.4 

±20.0 

±2.8 


tt 

Glj'cinc 

5 

5.54 

200.3 

24.5 

11.5 

40.9 

13.0 

152.3 

8.3 





±0.07 

±82.5 

±0.8 

±2.0 

±7.0 

±1.5 

±78.3 

H- 


(< 

LCystinc 

0 

8.53 

2C-i.O 

24.0 

12.4 

51.7 

11.0 

210.0 

8.3 





±3.18 

±102.5 

±2.3 

±1.8 

±0.8 

±2.4 

±91.5 

±4.1 


I ( 

cff-Meth- 

■it 

0.03 

75.9 

25.0 

12.3 

49.2 

12.7 

44.2 

2.3 



ioninc 


±0.73 

±39.2 

±1.0 

±1.0 

±7.1 

±2.4 

±35.3 

±0.4 

Muscle 

Stock 

None 

10 


24.8 

11.0 

5.0 

50.9 

5.4 

11.0 

1.7 






±0.1 

±0.7 

±0.5 

±4.0 

±0.6 

±4.9 

±0.8 


Casein 

(t 

4 


43.2 

9.2 

4.4 

47.8 

4.8 

29.4 

1.7 


10% 




±8.6 

±1.1 

±0.8 

±0.1 

±0.7 

±7.3 

±0.3 


Same 

Ciiolinc 

6t 


40.4 

11.1 

5.4 

48.0 

5.7 

24.4 

2.5 



HCl 



±19.5 

±0.4 

±0.3 

±0.5 

±1.0 

±16.7 

±1.6 



Ethanol- 

4 


44.9 

12.0 

5.2 

43.3 

0.8 

28.5 

1.5 



amine 



±18.4 

±1.0 

±0.7 

±7.0 

±1.3 

±16.5 

±0.6 

1 

eff-Serine 

5 


34.7 

11.1 

5.2 

40.8 

5.9 

19.5 

2.1 






±10.2 

±0.7 

±0.9 

±7.4 

±0.9 

±11.3 

±0.9 



Glycine 

5 


28.1 

10.2 

4.9 

48.0 

5.3 

14.8 

1.6 






i3.4 

±0.4 

±0.2 

±1.6 

±0.2 

±3.3 

±0.2 



f-Cystine 

3 


27.4 

9.3 

4.2 

45.2 

5.1 

15.5 

1.7 






±7.3 

±0.6 

±0.3 

±4.1 

±0.0 

±7.3 

±0.1 



d/-Meth- 

3 


43.4 

11.2 

5.9 

52.7 

5.3 

28.2 

1.8 



ioninc 



±0.8 

±0.7 

±0.5 

±1.4 

±0.3 

±0.8 

±0.6 


Supplements given for 5 and 12 days respectively. The average daily food ii 
take tiwnng the supplementation period was 9.3 gm, for the choline hydrochloric 
group, 0.0 gm. for the ethanolamine, 5.1 gm. for the df -serine, 8.2 gm. for tl 
g yune, . gm. for the f-C3’stinc, and S.3 gm. for the rff-methionine group, 
hyclrochloride 130 mg. of f-cystino in addition to 150 mg. of cholii 

t Including one rat, receiving 145 gm. of f-cystine in addition to 150 mg. ' 
of-methionine. 
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were greater in comparison to the unsupplemented diet in the groups re- 
ceiving 1-cystine, glycine, and ethanolamine, whereas the}'' were lower ;vith 
dl-serine, dZ-methionine, and choline hydrochloride. 

In the muscle, no definite effect of the supplements on the lipid distribu- 
tion was apparent. However, as in the liver, the non-choline phospho- 
lipids were of'ten increased after ethanolamine administration. 

Experiments with Newly Weaned Rats — ^The lipid distribution in the liver 
of two very young rats maintained on the stock diet was within the same 
range as in older rats on the same diet (Table III). Likewise choline 
phospholipids were lower than normal in the liver of newly weaned rats 
maintained on the unsupplemented casein diet. 


Table III 

Lipid Fractions in Liver of Newly Weaned Rats after 10 Days on Various Diets 
{Values for 1 Gm. of Lipid-Free Tissue) 



Ko. 

of 

rats 

Body weight 




Phospholipids 


Diet 

Initial 

Final 

Liver 

weight 

Toul 

lipids 

Total 

Cboline-containuig 

Non- 
choHnr- 
con tam- 
ing 



gm. 

gm. 

gm. 

mg. 

mg. 

mg. 

f>er cent 
telot 
^hotphn- 
lipUs 

mg. 

Stock 

1 

31.2 

47.3 

1.69 

68.0 

31.4 

17.4 

55.4 

14.0 


1 


46.8 

1.77 


33.3 

17.1 

51.4 

16.2 

10% casein* 

7 


41.1 

±6.6 


171.8 

±93.9 

24.1 

±3.2 

12.6 

±1.8 

52.3 

±3.8 

11.5 

±2.0 

10% casein 

7 


42.8 

1.67 

51.4 

26.8 

17.6 

65.7 

9.2 

+ choline 
HClt 


±3.3 

±6.4 

±0.22 

±14.8 

±1.3 

±1.1 

±4.5 

±1.6 


* Average daily food intake, 4,46 gm. 

t 42 mg. daily, mixed in the diet; average food intake, 4.79 gm; 


However, imlike the findings obtained in 2-month old rats, choline ad- 
ministration restored the concentration of the choline phospholipids to the 
normal level. Non-choline phospholipids were not affected and remained 
low, a-s with the unsupplemented diet. Consequently, the percentage of 
choline-containing phospholipids was here considerably increased. 

DISCUSSION 

Choline supplementation appeared to be ineffective in raising liver leci- 
thins in rats 2 to 3 months old maintained on the experimental diet, in spite 
of the prolonged employment of massive doses of choline which completely 
prevented the fatty infiltration. This finding may be considered in agree- 
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ment mth our previous experiments (1) vitli tiie diet containing 30 per 
cent casein, which probably supplied ndcqunte amounts of labile methyl 
(7). Both groups of results strongly suggest that the modification in liver 
lecitliins induced bj”^ the experimental diets cannot be ascribed to a simple 
deficiency of choline or choline prccumors in the diet. 

However, the possibility that the dietary supply of choline ma 3 ' play an 
important r61e is shown bj' the restoration of normal values in weanling rats 
when choline was given. As all other coiulitions were identical in the wean- 
ling and older rats, the dilTcrent effects of choline supplements would appear 
to be dependent upon the age of the animals. 

As a working hj’pothesis, it maj’- be tcntati\’cl 3 '’ suggested that, in addition 
to choline one (or more) factor was deficient in our diet, such factor being 
required for the maintenance of the normal level of lecithins in the liver, 
possiblj”^ b}"- promoting the utilization of dietarj’ choline in phospholipid 
synthesis. If it be a.ssumod that reserves of this factoV accumulated in the 
tissues duiing the mn-sing period, the effectiveness of choline supplementa- 
tion in the jmunger rats would be explained. 

Possiblj’- small amounts of this factor ma}' have been present in our tech- 
nical casein. This maj' exjilain the less pronounced effects on liver lecithins 
in our experiments in which the casein level was raised to 30 per cent (1). 
Future work will test the adequacy of this hj’pothesis or suggest other ones. 

Aside from any attempted interjiretation, the present results offer a basis 
for explaining apparent discrepancies in the literature. Thus, when choline 
was added to experimental diets, no significant increase in the total phos- 
pholipids (8-11) or in the choline content (8, 12) of the liver was obtained bj' 
most authois,^ while other investigators report an elevation of total (2, 4) or 
choline phospholipids (2, 3,13). An examination of these data reveals that 
the latter authors emploj'^ed recentlj'^ weaned rats, whereas the fonner group 
used older animals. 

This age difference in the effect of choline supplementation on liver phos- 
pholipids'* maj”^ perhaps be compared with similar differences previousl}' 


“ In several cases, higher values for total phospholipids, expressed as percentage 
of the liver weight, were obtained after choline was given. Howc%'cr, when the data 
arc recalculated, and the diluting effect of the large amounts of accumulated fat in 
the liver of choline-deficient animals is considered, no significant difference between 
animals on the supplemented or unsupplemented diets is apparent. 

* The conditions of the experiments of Engel (2) arc rather different from ours. 
On the other hand, a comparison between the results of our c.xperimcnts on weanling 
rats with those of Stetten and Grail (3) may be justified. Numerical values given 
bj the latter authors for choline and phosphorus on both the unsupplementod and 
supplemented diets are considerably lower than our values. An incomplete extrac- 
Uon of lipids or differences in methods may possibly account for such a discrepancy, 
ovsover, the effect of choline supplementation was evident in their animals ns in 
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described for several biological actions of choline, apparent only in verj' 
young rats, such as the stimulation of growth (14) and the protection of the 
Iddnej' against hemorrhagic lesions (15). 

It should also be pointed out that the absence of a change in the concen- 
tration of liver phospholipids, when various supplements were given to 
2 month-old rats, does not exclude the possibilit}' of an altered rate of phos- 
pholipid turnover, as shown by Perlman and his associates (16). 

The increase of non-choline phospholipids in the liver of older rats fed 
ethanolamine is in agreement with a previous obsen’ation on younger 
rats receiving both choline and ethanolamine (3). 

SUMMARY 

In rats 2 to 3 months old, supplementation of an experimental diet mth 
choline hydrochloride in amounts adequate to prevent the fatty infiltration 
of the liver did not raise the low values of choline-containing phospholipids 
obsen'ed in the liver of animals on the unsupplemented diet. 

Supplementation of the diet with ethanolamine, dZ-serine, glj'cine, l- 
cystine, or dZ-methionine was likeuise ineffective in raismg the choline 
phospholipids. Only the amounts of non-choline phospholipids in the liver 
were occasional!}' increased, especially after ethanolamine was fed. 

In the liver of newl}' weaned rats, the concentration of choline phos- 
pholipids was lowered by the experimental diet, as in older rats. How- 
ever, unlike the results in these latter animals, the effect u'as completely 
prevented by supplementing the diet with choline. 

The possibility that other dietarj' factors, in addition to choline or choline 
precursors, may be involved in the maintenance of the normal composition 
of liver phospholipids is discussed. 
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Recent knowledge demonstrates that the biological value of a food pro- 
tein is dependent upon its amino acid composition (1—1). It is important 
from the practical standpoint, therefore, not only to understand the 
quantitative and qualitative requirements of man for essential amino acids 
(5-7) but also the quantitative composition of food proteins which are 
commonly utilized to fulfil these body needs. Although the more theoreti- 
cal and academic aspects of proteins maj' be investigated by analyses of 
individual crystalline materials, the application of well established methods 
of amino acid analysis to the protein mixtures in the body tissues and in 
common foods can yield significant information provided these proteins are 
obtained free from carbohj'drate, fat, and other contaminants and if no 
loss of amino acids occurs during the purification. 

That analytical methods for the amino acids are not frequently applied 
to food proteins may be explained, in part at least, by the fact that it is 
diflicult to free the proteins from accompanying carbohydrate and other 
contaminants; also, there are inherent errors in the methods for deter- 
mining some of the amino acids, even when applied to crj^stalline proteins. 
Comprehensive studies of the amino acid composition of food and tissue 
proteins are relatively few (8-13) and since newer refinements of analj’tical 
methods have proved capable of yielding more nearly exact values it be- 
comes increasingly difficult to compile satisfactory data from the bio- 
chemical literature relative to the amino acid distribution in foods. 

The present study has been imdertaken to determine the quantitative 
occurrence of ten amino acids in six soft organs of beef and in the muscle 
tissues of a variety of cold and warm blooded animals. Data of this type 
may demonstrate similarities or differences in composition bearing upon 
such problems as: (1) the relative value of different meats, meat products, 
poultry, and fish, in supplj-ing amino acids, (2) the amino acid pattern to 
which the growing animal must conform in the sjnthesis of tissue proteins, 
(3) the possible repetition of amino acid pattern in the muscle tissues of a 

•Partial reports of the data presented in this paper have been given at the Fortj'- 
Beventh annual meeting of the Michigan Academy of Science, Arts and Letters at 
Ann Arbor, March 14, 1942, and at the annual meeting of the American Society of 
Biological Chemists at Boston, April 3, 1942. 
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wide variety of species and classes of animals or the existence of specific 
species differences. 

Meats, poultiy, and fish furnish 20 to 30 per cent of the animal proteins 
in the average American dietary and contain protein which has long been 
known to possess superior biological value (1). Studies such as the one 
presented herein seem fundamental in establishing the amino acid pattern 
upon which protein nutritional superiority depends ; therefore, data on the 
amino acid composition of food proteins have .speeial significance. The 
analytical values for arginine, histidine, Ij'sinc, phenylalanine, tyrosine, 
tryptophane, serine, threonine, cystine, and methionine in meat, poultry, 
and fish muscle, and in beef organs arc reported in the present paper. 

Preparation of Protein Samples 

The beCf organs (brain, lung, liver, stomach, kidney, and heart) and the 
muscle tissues (beef shank, lamb leg, pork chops, veal steak, frog legs, and 
roasting chicken) were all obtained from a local market. Quick frozen 
salmon and codfish steaks, and shrimps were used. The reptilian flesh 
analyzed was that of wood and painted turtles. 

In so far as possible, muscle fascia, connective and adipose tissue, and 
unedible portions were removed and discarded. The dissected tissues 
were ground in a food chopper, frozen in drj' ice, and desiccated under a 
vacuum while frozen (ciyochem apparatus). Earl}’’ in the course of the 
work raAV meats were used, but later tlic tissues were cooked prior to desic- 
cation, in order to insure the highest possible recovery of proteins through 
the inactivation of the tissue enzjTOcs (14). Cooking the meats for a 
short period was a routine procedure in the preparation of the majority 
of the samples. The dried tissue was ground to a fine powder in the ball 
mill or with la mortar. 

Extraction of lipid' was effected by letting the powdercd tissue stand 
overnight at room temperature with an alcohol-ether mixture (3:1), 
approximately 15 ml. of the mi.xture being used per gm. of dried tissue, 
followed b}’’ a 20 hour continuous extraction with ether in a So.xhlet appa- 
ratus. After the material was dried, the fat-free powder was extracted 
with three successive portions of boiling water for 15 minutes to remove 
minerals, carboh 3 'drates, and other extractives. In each extraction, 
1500 ml. of water were used per 100 gm. of the diy tissue preparation. 
The extracted material was dried in a vacuum oven at 60°. 

Except noth shrimp, only 8 to 14 per cent of the total nitrogen was lost 
during water extraction at 100°. This loss may be considered as non- 
protein nitrogen. Howe (14) found that 10 to 15 per cent of the total 

' The lipid distribution in these tissues will be reported in another paper. The 
amino acid constituency of protein from growing tissues is being determined. 
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nitrogen of raw muscle was composed of nitrogen extractives. Roughlj', 
7 to 29 per cent of the wet weight of the fresh tissue was recovered and the 
purit 3 ' of the protein preparations used for the amino acid analj'ses is 
evidenced bj’ their nitrogen contents of 14 to 17 per cent, on a moisture- 
and ash-free basis. 


Analytical Methods 

Moisture was determined b}' placing samples of the desiccated, fat-free, 
water-extracted tissues under a vacuum in a metal desiccator at 60° until 
thej- attained constant weight, after which the tissue preparations were 
used to determine total ash. Nitrogen determinations were carried out by 
the macro-Kjeldahl method. Total sulfur was estimated gravimetrically 
after combustion of the samples in the Parr oxj'gen bomb. Inorganic 
sulfur was determined gra\"imetrically on hj'drolysates of samples which 
had been hj-drolj-zed 6 hours in 20 per cent HCl. 

The method of Lugg (15), modified for use with the spectrophotometer, 
■was used to determine tjTosine- and trj'ptophane.’ Phenjialanine was 
determined bj' Block’s (11) modification of the ICapeller-Adler (16) method. 
Block’s method (17), with the correction factors suggested bj' Tristram 
(18) and Gulewitsch (19), served in the analyses for histidine, arginine, and 
lysine.^ Cystine was determined by both the cuprous oxide method of 
Graff, MacuUa, and Graff (20) and by Sullivan’s colorimetric procedure 
(21), adapted to the spectrophotometer.® Methionine was determined by 
a modification of the Beach and Teague® (22) method and by the McCarthy 
and Sullivan (23) colorimetric method, adapted to the Cenco photelome- 
ter with Cenco Filter 87309-B, maximum at 525 m/x. The methods pro- 
posed by Nicolet and Shinn (24, 25) 'were used to determine serine and 
threonine. The Sprensen-Haugaard method (26) for carbohydrate showed 
no appreciable carbohj'drate in the amino acid solutions obtained by hy- 
drochloric acid hydrolj’sis of the purified proteins. 

’ Wave-length 495 mii was used in reading the tyrosine color. 

’ ave-length 430 mji was used in reading the tryptophane. 

‘ Silver nitrate was used as the silver salt in the separation of the bases. 

A glycine blank was used and the colors read at wave-length 550 mii. 

* Accuracy and reproducibility of the method may be insured by observing the 
following precautions. (1) Only HI which has been recently redistilled should be 
used. Redistillation is essential even when HI of reagent grade, which appears to 
contain little free iodine, is available. (2) For the determination of cystine, alone, 
preliminary reduction with zinc is unnecessary and may result in too high cystine 
tri power of the CujO is sufficient to reduce cystine to cysteine. 

(3; Hydrolysis of the samples for 6 hours is sufficient; longer hydrolysis may' result 
in low methionine estimates. 
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JiesuUs 

The amino acid composition of prepared animal tissue proteins, corrected 
for moisture and ash, and calculated to 10 per cent nitrogen, is presented in 

Taulk I 

Per Cent Amino Acid Composition of Proteins from Prepared Muscle Tissue and 

Organs 


Corrected for moisture and ash and calculated to 15 per cent nitrogen. 
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2.25 

8.11 

4.92 

4.30 

1.35 

5.43 

4.57 

1.29 

■ 

3.17 

3.11 

19 

m 

Veal 

7.54 

2.39 

9.62 

1.41 

4.86 

1.39 

iwm 

5.10 

1.34 

0.99 

3.28 

3.62 

1.14 
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7.59 

2.37 

S.OS 

4,47 
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0.29 

5.28 
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3.28 

1.15 

1.13 
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mK 
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4.41 
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1.14 

0.99 
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6.71 

2.27 


4.32 
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0.5S 
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Mlil 


4.60 

4.67 

1.38 

0.32 

4.92 

1.29 
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1.14 
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2.30 

9.00 

4.52 

4.38 

1.38 
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4.19 
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1.22 
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2.04 

8.40 

4.28 

4.54 

1.28 

4.94 

4.52 

1.19 

HR 
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1.26 

1.19 

Shrimp II 

6.56 
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1.24 
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0.99 
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7.44 

2.13 

7.10 

5.10 

4.42 

1.41 

5.93 


1.23 

iK9 



llliM 

1.07 

Liver 


1.98 

lilw 

MPItl 

4.59 

1.81 

7.25 

4.79 

1.55 

1.12 



1.17 

1.11 

Kidney 

6.93 

2.31 

0.21 

5.47 


1.81 

6.11 

4.55 

1.81 

1.16 

2.08 


1.15 

ibE 

Brain 

6.38 

2.52 

5.98 

5.83 


1.64 

7.06 

5.33 

1.95 

1.38 


SR 

1.10 

1.03 

Lung 

6.29 


5.75 

HPal 

i!Wt 




1.53 

0.95 


2.51 

npH 

lilia 

Stomach 

6.60 

1.69 

5.82 

3.32 

3.74 


7.00 

3.78 

■ 



2.75 

0.99 

0.98 


Arginine values are corrected for the loss through solubility of arginine silver by 
the factor 3.6 per 100 ml. proposed by Gulcwitsch (19). For instance, in the adapta- 
tion of the Block method, a volume of 325 ml. used (which includes mother liquor 
and washings) gives a solubility loss of 11.7 mg. of arginine. 

fNot corrected for solubility. 

JThe lysine values arc corrected for the constant loss of 8.38 mg. of lysine, mostly 
_irough the solubility of lysine phosphotungstatc. This factor was determined by 
ns ram (18). It is recognized that small losses of histidine also arc incurred in the 
procedure. 

§The serine values have been corrected for the solubility of the dimedon dcriva- 
ive as suggested in Nicolet’s method. Also the serine values are subject to the 
determined” ''’hioh not only serine but hydroxylysinc in addition is 

IIThese tissues were cooked in being prepared. 

Table I. ^ch au adjustment of the values to the same percentage of 
m rogen, while purely arbitrary, possesses advantages when comparisons 
are to be made from one tissue to another. 
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Lysine, a dietary essential, occurs in muscle tissues of all types in higher 
concentration than do any of the other amino acids studied, 7.7 to 9.6 per 
cent. Arginine also is present in high concentrations, 6.3 to 7.6 per cent. 
Histidine, another essential amino acid, occurs in low concentration, 1.8 
to 2.4 per cent. Methionine, 2.9 to 3.4 per cent by gravimetric determina- 
tion and 3.1 to 4.1 per cent by colorimetric analysis, occurs at a higher 
concentration than does the other sulfur-containing amino acid, cystine, 
which -was found to represent 0.6 to 1.0 per cent by colorimetric analysis 
and 1.1 to 1.4 per cent by the graidmetric procedure.^ The two hydroxy- 
amino acids, threonine and serine, were found at a level of 4.0 to 5.3 per 
cent; however, some serine values were higher, that for veal being 6.1 per 
cent and for frog legs, turtle, and lamb 6.3 per cent. Tyrosine and phenyl- 
alanine, aromatic amino acids, have a similar concentration, varying from 
4.2 to 4.9 and 3.8 to 4.9 per cent, respectively. Trj'ptophane, an indis- 
pensable amino acid, occurs at a level of 1.2 to 1.4 per cent. Only one 
other amino acid, cystine, was foimd in smaller concentrations than 
tryptophane. Although these two amino acids are found in small concen- 
trations in the muscle protein, comparison of the cystine and tryptophane 
intakes per kilo of body weight by 10 to 12 year-old boys and by breast-fed 
infants shows that the rapidly growing infants received in their diets greater 
quantities of cystine and tryptophane per unit of body weight (12) than 
were provided by the diet considered adequate for the larger but slower 
growing children (27). 

In general, it can be seen that muscle tissues of these different classes 


of animals do not differ widely in their amino acid patterns, w'hich implies 
that the same amino acid composition of muscle proteins is repeated 
throughout the animal kingdom and indicates that, as far as these ten 
amino acids are concerned, the protein of one muscle is as good as that of 
another in supplying amino acids in the diet. 

The organs, while showing some similarity to the muscle tissue in com- 
position, differ from it in certain respects. Outstanding are their lower 
lysine contents, 5.8 to 7.1 per cent, which are smaller than that found in 


any muscle studied. In the organs, the percentages of lysine are exceeded 
by the percentage of arsine, 6.3 to 7.4 per cent (Table I). Brain appears 
to contain more histidine (2.5 per cent) than any other organ or muscle, 
while stomach (1.7 per cent) contains the least. With the exception of 
heart, the organs, particularly lung and stomach, seem to have a slightly 
lower methionine content than do muscles; however, the organs seem to be 
as good, if not a better, source of cystine. The beef organs were found to 
be high in serine, 5.9 to 7.3 per cent; only four of the muscles had serine 
contents within this range. Threonine appears in the organs in about 


A complete discussion of the sulfur distribution of the tissues will be included 
in a forthcoming publication. 
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the same amounts ns in the muscles. Heart, liver, kidney, and brain 
contain more phenylalanine than do any of (he muscles, 5.1 to 6.1 as con- 
trasted with 3.8 to 4.9 per cent for muscles. The ty'rosinc content of the 
organs, 3.7 to 5.1 per cent, is more variable than that found in muscles. 
Brain, liver, and kidney exhibit higher tryptophane and cystine values 
than do muscle tissue or lung, heart, and stomach. The tryptophane 
values range from 1.8 per cent for kidney and liver to 0.95 per cent for 
stomach. 

TAni.K 11 


Per Cent Contribution of Amino Acids to Total Nitrogen of Protein from iVusclc Tissue 

and Organs 
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to be lower in Ij-sine. Thus, the differences in the values for the beef 
organs might be accounted for by the presence in these organs of different 
proportions of various tMies of tissue (muscle, parenchjTnal, and connec- 
tive). Each tissue may have a different amino acid composition, deter- 
mined by the specific function of the organ. 

Table II shows the per cent of the total nitrogen of the tissues repre- 
sented by the ten amino acids. From 40 to 45 per cent of the total nitro- 
gen is thus accounted for b 3 ’ ten amino acids. 30 to 39 per cent of the 
total nitrogen is contributed bj' the seven amino acids determined which 
are essential to animal growth and nutrition. 

Fig. 1 is a graphic representation of the molecular proportionaUt 3 " of 
the ten amino acids in mammalian muscles and ma 3 ’ be taken as represen- 
tative of the amino acid pattern in muscle meats in general. The use of 



molecular proportionalit 3 ' as a basis for comparison, as contrasted with 
percentage composition data, has the advantage of taking into account the 
different molecular weights of the amino acids. It will be seen that for 
ever 3 ’ 10 moles of l 3 'sine furnished b 3 '^ mammalian muscle tissue about 9 
moles of serine, 7 of arginine and threonine, 4 of phen 3 'lalanine and t 3 TO- 
sme, 3.5 of methionine, 2.5 of histidine, and about 1 of tr 3 'ptophane and 
cystine are present. 

SUMMARY 

The amino acid composition of the protein mixtures of ten edible muscle 
meats (beef, veal, lamb, pork, chicken, turtle, codfish, salmon, frog legs, 
and shrimp) and of six beef organ tissues (liver, kidne 3 ’, brain, heart, 
stomach, and lung) is presented. 
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The determinations of amino acid distribution included arginine, histi- 
dine, lysine, tyrosine, tryptophane, piionylalaninc, serine, threonine, 
cystine, and methionine, seven of which arc nutritionally essential for 
optimal animal growth, either through a limited ability or a total inability 
of the body to synthesize them, 

The protein mixture which makes up voluntary muscle tissues is similar 
in Mammalia, Aves, Amphibia, Pisces, and Cnistacea, with respect to ten 
of the constituent amino acids. Since muscle tissues of these various 
classes of animals do not differ widely in their amino acid patterns, the 
findings support the belief that the same or closely similar amino acid 
composition of muscle proteins is repeated throughout the animal kingdom. 

Larger differences in amino acid composition were found among the 
beef organs than among the muscle proteins of different species, as would 
be expected from their higher concentmtion of nuclear material and dif- 
ferent functional activities. 

In addition to an evaluation of the relative dietary values of the animal 
proteins in terms of ten specific amino acids, the data demonstrate the 
amino acid pattern to Avhich animal muscle must conform in the sjTithesis 
of tissue protein. 
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SPECTROPHOTOMETEIC STUDIES OF THE STORAGE OF 
VITA^IIN A IN THE BODY 

By ROBERT W. LITTLE,* A. W. THOMAS, and H. C. SHERMAN 
(From the Department of Chemistry, Columbia University, New York) 

(Received for publication, March 26, 1943) 

It has been shown b 3 ' rat grow'th and by colorimetric methods (1, 2) 
that the bodj^’s stirplus or reserve store of tritamin A is carried almost 
entirelj’- in the liver. 

The development’ of a spectrophotometric method in which the technique 
of destructive irradiation is employed has enabled us to confirm by an 
entirely independent technique the fact that the ^^tamin A content of 
muscle, even of animals which have received liberal amounts of this 
vitamin in their food, is so small as to be barely measurable, while that 
of the liver is responsive to the level of intake through a wide range. 

The present paper records the results of quantitative studies of the 
influence of age and of the level of nutritional intake upon liver storage 
of vitamin A as measured bj’’ the new spectrophotometric technique. 

These results, in addition to increasing the definiteness and precision of 
our knowdedge of the infiuence of the level of intake upon bodily storage 
of vitamin A, show an unexpectedly large infiuence of age upon the extent 
of the surplus thus held in the bodies of individuals on diets of different, 
but respectively constant, vitamin A value. 

EXPERIMENTAI. 

'rhe experimental animals were albino rats of known hereditary and 
nutritional background. All were of the same strain, inbred in our labo- 
ratory through more than twenty generations. Different groups of these 
closely related animals were fed, in strict parallel, upon the three diets 
described in Table I. Offspring of the second or later generations on these 
respective diets were killed and their tissues assayed for vitamin A at 
the ages of 30, 90, and 150 daj's. The two se.xes are equally represented 
in the average findings shown in Table II for the different levels of vitamin 
A feeding and for the three ages studied. 

Table II gives the mrans plus or minus the average de'V'iations of the 
results of the assays of the liver tissues from animals at each of the three 
ages, and from families on each of the three diets, here studied. Also 
given in Table II are the numbers of assa 3 's whose findings are represented 

* Present address. Chemical Warfare Service, United States Army. 

' Little, R. W., unpublished work. 
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in each mean result reported. The miinbcr of animals, especially at tho 
earlier ages, was larger than the number of as.^iays, because the tissues of 
two or four of the smaller animals wore often comliincd into one analj'tical 
sample for spcctrophotomctric assay. 


Taiii.k I 

Composilioji of Diels 

All diets include di.stillcd wnlor ad Ubilnni. 



Diet I 

D!fl II 

Diet III 


1 

im. 

gn. 1 

r*- 

Whole milk powder 

200 

400 

400 

" wheat “ 

1000 

800 

800 

Sodium chloride 

20 

IG 

16 

Cod liver oil supplements* i 


3 


/.«. Prr 

i.u. fer grt. 

i.u. 

Vitamin A contentf 

3 

c 

12 


* Eli Lilly and Company; potency 2400 i.u. per Rm. 
t As determined by biological assay in this laboratory. 


Tadub II 

Effect of Age and Diet upon Vitamin A Content of Liver 


Age 

DIetl 

Diet II 

Diet III 

No. of assays 

I.u. ptr gm. 

No. of nssaj's 

I.u, pet gm. j 

No. o{ 

I.u. pergm. 

days 

1 



1 1 




4 

5.1 ± 0.7* 

5 

13 ± 2* 

4 


mSm 

5 

8.0 ±1.1 

4 

60 ± 10 

4 

229 ± 35 

■1 

5 

5.1 ± 1.1 

5 

42 ± 17 1 

5 

325 ± 40 


* Average deviation. 


DISCUSSION 

The findings of our spectrophotometric assays, given in Table H in 
teiTns of international units per gm. of fresh liver tissue, ma}' be read 
downward for the effect of age in the animals on each diet, respectivel.V, 
and horizontally for the effects of increasing nutritional intakes of vitamin 
A as manifested at each of the three ages studied. 

The intake level of Diet I of Tables I and II, 3 i.u. per gm. of vitamin A 
value as measured by rat growth assays, is that of Diet A (Laboratory 
No. 16) of previous papem from our laboratories. It is adequate in the 
sense that it supports normal growth, reproduction, lactation, and length 
of life, generation after generation. But while the diet is thus adequate, 
it is not optimal, and its vitamin A value appeais to be near the minimal 
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limit of the adequate zone. At this appro-dmately minimal adequate 
level of vitamin A value of diet, the vitamin A content of liver tissue was 
about 5 i.c. per gm. at 30 days (end of infancy in the rat), rose to 8 at 
60 days, and then declined slowly to about 5 at 150 days of age (early 
adulthood in the rat). These differences are small in absolute terms, but 
relative to each other they indicate an increase of 60 per cent in the vita- 
min A concentration in the liver between infancy and adolescence, and 
then a return to the original concentration by early adulthood. In the 
light of the deviations of the assays, these age differences if they stood 
alone might be regarded as probably but not certainly significant. Their 
significance to the purport of this paper lies chiefly in the striking contrast 
between them and the corresponding age differences found in the animals 
whose diets were of higher vitamin A value. On Diet II (i.e., with a 
2-fold higher intake level) there was an unquestionable (more than 4-fold) 
rise in the concentration of vitamin A in liver tissue between the ages of 
30 and 90 days and a probably significant fall in this concentration between 
the ages of 90 and 150 da 3 'S. On a diet in which the vitamin A value was 
again doubled (Diet III, ivith 12 i.u. per gm.) the liver concentration of 
vitamin, already much higher at the age of 30 days, showed a much larger 
rise between the ages of 30 and 90 days, and continued to rise between 
the ages of 90 and 150 days. Thus whether or not the age changes at the 
lowest intake level be regarded as significant, the data as a whole show 
clearly that increase of the vitamin A value of the diet to 2-fold and 
4-fold the lowest level here studied enables the body to store in the liver 
higher concentrations of vitamin A, and to continue the increase of these 
concentrations to higher ages. 


SUMMARY 

Using a spectrophotometric method developed in our laboratories, we 
have studied the concentrations of vitamin A in the liver tissues of rats 
maintained to the ages of 30, 90, and 150 days on family dietaries of 
vitamin A values of 3, 6, and 12 i.u. per gm., respectively. 

In striking degree, the higher levels of nutritional intake support higher 
levels of concentration of vitamin A in the liver, and enable the body to 
continue thus to increase its store of this vitamin to higher ages. 

The investigation of the interrelations of intake level, bodilj' store, and 
age is being continued. 
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DETERMINATION OF p-AMINOBENZOIC ACID 

Bt ERNST R. KIRCH akd OLAF BERGEIM 

{From the Department of Chemistry, College of Pharmacy, and the Department of 

Physiological Chemistry, College of Medicine, University of Illinois, Chicago) 

(Received for publication, March 19, 1943) 

We have reported recently (1, 2) a method for the determination of 
thiamine, depending on the color produced with diazotized ethyl p-amino- 
benzoate. In view of the interest in p-aminobenzoic acid and its anti- 
sulfanilamide action it was thought advisable to study the reversibilit}' 
of the reaction, with thiamine as a reagent for this acid. Preliminary work 
had showm that diazotized p-aminobenzoic acid w'ould produce a color in 
the same manner as the ethyl ester but of a lesser intensity, and that fur- 
thermore a closer control of pH was required. Further investigation 
showed that this procedure could be put on a satisfactory quantitative 
basis with certain advantages over previous methods. Among these are 
the specificity of the reaction, the general availability of the thiamine 
reagent, and the possibility of adaptation to simultaneous determination 
of p-aminobenzoic acid and various substances of the sulfanilamide type. 

F.XPERIMB.N’T.IL 

Reagents — 

1 . A 0.2 per cent aqueous solution of thiamine chloride. 

2. A 2 per cent aqueous solution of sodium nitrite. 

3. Acetic acid, 35 per cent. 

4. 1 N sodium hydroxide (approximate). 

5. 0.1 N iodine solution. 

6. 1 per cent sodium bisulfite. 

7. Isoamyl alcohol, reagent grade. 

Procedure 

To a suitable amount of a solution to be tested, add distilled water to 
make a volume of about 20 cc. Add 0.3 cc. of 35 per cent acetic acid. 
The pH of the mixture should be about 2.9. Add 5 cc. of a diazo solution 
made by mixing equal volumes of the thiamine and sodium nitrite solu- 
tions. Then add 4 cc. of the sodium hydroxide solution (pH of the mixture 
about 11.6) and 5 cc. of the isoamyl alcohol. Add about 0.5 cc. of 35 per 
cent acetic acid to shift the solubility' of the colored compound in the di- 
rection of the amyl alcohol (final pH about 5.3). Shake thoroughly, sepa- 
rate the alcohol, and dry' oy'er anhydrous sodium sulfate. Read in a 
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•HG 

spectropliotomotcr or otiinr snitahlc jnsfnnncnf. (For the standard ref- 
erence curve sec Fip. 1 .) 

Tlic .smallest amount of ji-aminobenzoic nciti found to give a color under 
the above conditions va.s about 10 y. Fig. 1 .shows a standard reference 
curve obtained with known (luantities of the acid, which was Eastman 
Kodak Company’s Red Tiabel that had been recrj’staUizcd (m.p. 187.5°). 

Apph'calioii of Method to Urine — Oixlinnrj' urinarj' constituents do not 
interfere. In some urines low re.sult.s were obtained due apparently to 
ascorbic acid and other reducing sub.'Jtanccs which had been known to 
interfere (1). Thc.se substances arc therefore oxidized. 

Ordinarily 1 to 5 ce. of urine i.s used. Add water to about 20 cc. and 
0.3 cc. of acetic acid. Add 0.1 x iodine to the apiicarancc of a bro\\'n color 



and then a few drops of 1 per cent .sodium bisulfite. Tlien add diazo 
reagent and proceed as above. 

Complete recoveries of known amounts of p-aminobenzoic acid added 
to urine have been obtained in this way. Potassium peiTnanganate cannot 
be used because it completely oxidizes p-aminobenzoic acid. Some typical 
results are given in Table I. 

Determination of Conjugated p-Aviinobcnzoic Acid — p-Aminobenzoic acid 
is known to be excreted in the urine in both the free and conjugated forms 
(3, 4). One of the latter is the acetyl derivative. This compound was 
prepared according to the standard methods for acetylation and recry'stal- 
lized until the products gave a melting point of 255-256° (recorded m.p. 
256 ). 1 he acetyl derivati^fe did not give a color with thiamine under the 
above conditions. When hydrolyzed by acid, this compound could be 
determined quantitatively as the free acid. 
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Dilute a suitable amount of the compound in solution to about 9 cc. 
with water. Add 1 cc. of 10 per cent HCl. Heat in a boiling water bath 
for 1 hour. Cool and dilute to 20 cc. Then follow the procedure as de- 
scribed for the free acid, but use 6 cc. instead of 4 cc. of the sodium hy- 
droxide. Table I shows the recovery of the acetyl derivative from known 
solutions. 

When the hydrolysis is applied to urine, the same method is used, the 
hydrolyzed sample being shaken twice with a few cc. of isoamyl alcohol 
to remove the colored material formed in the heating process before the 
test is applied The iodine solution is added to the hydrolyzed urine before 

Table I 

Determination of p-Aminobenzoic Acid in Urines High in Ascorbic Acid 


5 mg. of ascorbic acid were added per 100 cc. of urine. 


Experiment No. 

Volume of urine 
used 

^■Aymnobenzoic 
acid added 

Treatment 

^•Aminobenzoic 
add found 


cc. 



y 

1 

1 


Permanganate 

0 

2 

3 


tt 

15 

3 

5 


tl 

15 

4 

1 


Iodine 

40 

5 



(t 

59 

6 



4t 

79 

7 

1 

40 

None 

0 

8 

3 

60 


0 

9 

5 

80 

it 

0 


the diazo solution is added. Recovery of the acetyl derivative from urine 
is shown in Table II. 

Determination of ‘p-Aminobenzoic Acid in Presence of Sulfanilamide and 
Related Compounds — ^Bratton and Marshall (5) developed a method for 
sulfanilamide using N-( l-naphthyl)ethylenediamine dihydrochloride. This 
procedure gives a color with p-aminobenzoic acid as well and has been used 
for the estimation of the latter (6). It is not possible therefore to estimate 
p-aminobenzoic acid and the sulfonamides in urine by this method when 
both are present. 

We have tested by our procedure the following representatives of the 
sulfonamides, most of which produced a color. Sulfasuxidine did not pro- 
duce a color, while sulfathiazole produced a color which was insoluble in 
the isoamyl alcohol under the conditions of the test. Sulfaguanidine, 
sulfapyridine, sulfadiazine, and sulfanilamide produced a color which was 
soluble in isoamyl alcohol but insoluble in isopropyl ether, a solvent that 
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can be used instead of isoamyl alcohol for the extraction of the color pro- 
duced by the p-aminobenzoic acid. These results may be arranged as 
in Table III. 

Urinary Excrclian of hiycstcci p-A7nmobcn:oir. Acid — ^Early reports in 
the literature indicated that p-aminobenzoic acifi passed through the ani- 
mal organism unchanged (7, S). Later investigators reported that when 

TAnLK II 

Estimalton of Acctyl-p-amiswbcnzoic Acid after Hydrolysis 
5 cc. of solution -f 4 cc. of water -f- 1 cc. of 10 per cent HCl were Iicatcd in a boiling 
water batli for 1 hour. 


Experiment No. 

Conditions of experiment 

Amount of »cctyl-^-tminobcnioic 
Acid 



Added 

Found 

1 

Water solution untreated 

7 

*10 

y 

0 

2 

tt tt tt 

CO 

0 

3 

$( ti tt 

80 

0 

4 

“ “ hydrolyzed 

40 

41 

5 

ti it tt 

CO 

59 

6 

a tt «( 

80 

80 

7 

Urine “ " 

40 

40 

8 

tt tt tt 

CO 

69 

9 

it It tt 

80 

80 


Table III 


Dclcrminalion of Sulfonamides 



; Color production 

Color solubility iu 
isoamyl alcohol 

Color solubility in 
isopropyl ether 

Sulfasuxidine j 



— 

Sulfaguanidine 1 

4- 

4- 1 

- 

Sulfnpyridine 

+ 

4- 

- 

Sulfadiazine 

+ i 

+ 1 

— 

Sulfathiazole 

4 - 


— 

Sulfanilamide 

4- 

4- 

— 


injected subcutaneously into rabbits it was excreted in part as the acetyl 
derivative (3, 4). Strauss and coworkers (6) found that about two-thirds 
of ingested p-aminobenzoic acid was excreted in the urine in the free state 
and one-third in conjugated form in human subjects. They also found that 
the urinary excretion was rapid, being largely' completed within 12 hours. 
Ellinger and Hensel (3) found, following injection of the acid into rabbits, 
an excretion of the acetyl derivative for from 1 to 4 days. Our observations 
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indicate also some excretion of the acetyl compound beyond the 24 hour 
period in human subjects. No free p-aminobenzoic acid could be detected 
after 12 to 15 hours. Lewis (9) found, using a micro biological procedure, 
that as high as 96 per cent of the p-aminobenzoic acid in normal urine existed 
in the inactive form. Iflein and Harris (10) found that only liver slices 
were able to sjTithesize the acetyl derivative of sulfanilamide and that the 
reaction was not reversible. Marshal!, Cutting, and Emerson (11) found, 

Table IV 

Urinart/ Excrelion oj p-Aminobemoic Acid Following Ingestion 
Experiment A, 1.5 gm. of p-aminobenzoic acid were ingested in one dose; Experi- 
ment B, 2.0 gm. of p-aminobenzoic acid were ingested in one dose; Experiment C, 
1.5 gm. of acetyl'P-aminobenzoic acid were ingested in one dose. No free p-amino- 
benzoic acid was found in the urines. All values are expressed in terms of free 
p-aminobenzoic acid. 


Hn. &(Uz 
motion 

Experiment A 

Experiment B 

Experiment C 

Urine 

%’olume 

/>Amlnobeazoic Acid 

' Urine 

1 volume 

^•Amlnobenzoic acid 

1 Urine 

1 volume 

O u 

lill 

Total 

Free 

Totil 

Fret 



mi. 

«r. 

cc. 

mt. 

mg. 

cc. 

1 

1.00 

215 

301.0 

120.4 






2.20 

275 

352.0 

326.2 



1 


1 

3.10 

75 

289.5 

27.0 






4.00 




130 

649.5 

119.6 

230 

322.0 

6.00 

160 

98.4 

5.2 

120 

192.4 

18.2 



7.25 







390 

218.4 

9.00 

125 

11.5 

0.7 




114 

27.4 

10.00 




350 

155.4 

10.5 



12.00 

210 

10.9 

0.0 

470 

37.6 

5.7 I 

213 

14.7 

15.00 

60 

2.5 

0.0 

330 

23.4 

0.0 

664 

12.8 

24.00 


4.5 

0.0 

430 

7.0 

0.0 

474 

4.5 

28.00 


2.0 

0.0 

150 

2.3 

0.0 

194 

3.4 

Total 

1700 



1980 



2279 

603.2 


however, that the reaction was reversible in the human body. We were 
not able to demonstrate any free p-aminobenzoic acid in the urine follow- 
ing ingestion of the acetjd derivative. The major part of the compound 
was eliminated in the first 12 hours but an appreciable e.xcretion continued 
beyond the 24 hour period (Table IV). 

SUMMARY 

A method for the determination of p-aminobenzoic acid based on a color 
reaction with diazotized thiamine is described. Its application to studies 
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of excretion of free and conjugated p-aminobcnzoic acid in urine is dis- 
cussed. 
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LETTERS TO THE EDITORS 


ACTIVATION OF THE ADENOSINETRIPHOSPHATASE SYSTEM 
BY ACETYLCHOLINE 


Sirs: 


We have demonstrated the presence of a calcium-activated adeno- 
sinetriphosphatase in the various tissues of rats, using a method of assay 
which appears to be specific for this enzyme. Since adenosine triphosphate 
is present in tissues and since its dephosphorylation is likely to be the im- 
mediate source of energj' for ^^tal endergonic reactions in general,* it seemed 
that the activation or inhibition of the adenosinetriphosphatase system 
should be an important factor in regulating the acti\dty of a tissue. Heil- 
brunn and his students^-’ have accumulated considerable data to support 
the theory that “a piimaiy effect of a stimulating agent on a cell is to cause 
a release of calcium from organic combinations in the cortex of the cell into 
the main body of protoplasm.” It has recently been shown^ that adenosine 
triphosphate is dephosphorj'lated to adenosine diphosphate by a specific 
calciiun-activated enzyme in skeletal muscle and that this enzyme appears 
to be identical with myosin. It was of interest therefore to determine 
whether acetylcholine, a chemical mediator of nerve stimulation, “ would 
activate adenosinetriphosphatase. Previous attempts® to demonstrate 
such activation have been unsuccessful, probably because purified adeno- 
sinetriphosphatase (myosin) was used. We have used dilute w'hole tissue 
homogenates® for the study of adenosinetriphosphatase, and have sho^vn 
activation by acetylcholine. A rat submaxillarj' gland was removed, and 
small, weighed portions were placed in buffer (pH 7.4) or in buffer contain- 
ing acetylcholine, and incubated for various periods of time at 37°; the 

* A Bymposium on respiratory enzymes, Madison (1942). Potter, V. R., J. Am 
Dielet. ylssn., 18 , 359 (1942). 

’Heilbmnn, L. V., Outline of general physiology, Philadelphia (1937). 

’ Maxia, D., J. Cell, and Comp. Physiol., 10, 291 (1937). 

* Bailey, K., Biochcm. J., 36, 121 (1942). 

*Zi£f, M., Ptoc. Soc. Exp. Biol, and tied., 61, 249 (1942). Engel’hardt, V. A., 
Lyubimova, M. K., and Meitina, R . A., Compl. rend. Acad. Sc. U. R. S. S., 30, 644 

* Potter, V. R.. J. Biol. Chem., 141, 775 (1941). 
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samples wore then homogcnir-od and the ndcnoRinctriphosphatasc activity 
was determined on aliquots with and without added calcium. The activ- 
ity is expressed as the amount of inorganic phosphate liberated per mg. 


Acetylcholine 

concentration 

Incubslion lime 

Activity with 
CAlcium 

1 r 

Activity without 
tdcled calcium 

r 

IncfMtc with 
acetylcholine 

j 

0 

mh. 

12 

18.0 

4.6 

ftf tent 

1:60,000 

2 

18.0 

5.8 

29 

1:50,000 

5 

18.0 

C.G : 

47 

1:60,000 

12 

IS.O 

1 

C.G ! 

47 


of fresh tissue in 15 minutes. When an c.xcess of calcium was ])rc.‘K;nt, no 
increase in activity was obtained with acetj'lcholine. When no calcium 
was added, a' considerable increase in activity was obtained with acetyl- 
choline as compared with that in the control. Whether the action of 
acetylcholine is to be explained on the basis of Iloilbninn's general theory 
remains for future research, but the data arc compatible mth such a view. 
The activation of the adenosinetriphosphntaso system by acetylcholine 
cannot be demonstrated when the test is applied directly to a homogenate. 

McArdlc Memorial Laboratory K, P. DoBoiS 

Medical School V. R. Potter 

University of Wisconsin 
Madison 
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EFFECT OF LIGHT IN THE VAN SLYKE METHOD FOR THE 
DETERMINATION OF AMINO GROUPS 

Sirs: 

During a study of protem-aldeh 3 'de reactions, unexpected variations were 
obtained in amino nitrogen determinations of proteins and their derivatives 
by the manometric method of Van Slj’ke.* Of the amino acids studied, onlj' 
tyrosine showed a similar beha\’ior. VTnile a 3 minute reaction period 
(usuall}'^ emploj'ed for a-amino groups) gave values which did not signif- 
icantlj' exceed the theoretical, the amount of inert gas developed bj' tjTo- 
sine in 15 minutes (used for proteins) corresponded to 100 to 200 per cent 
of the theoretical amino nitrogen. A search for the cause indicated a cor- 
relation between these high values and the intensit 3 ' of light falling upon 
the reaction chamber. The highest values were obtained in direct sun- 
light; values 30 to 40 per cent above theoretical were obtained in diffuse 
daylight, and theoretical values in the dark. The effective spectral region 
appeared to be within the -visible region, since sunshine exerted its action 
after passing through three glass walls and a water jacket. The effects 
produced by a 100 watt projection lamp and b 3 ’ a mercur 3 ' vapor lamp 
(both placed near the reaction vessel) were of the same order. 

The effect of light on the reaction of several compounds with nitrous 
acid was studied subsequently, in the manner described above. The pro- 
jection lamp served as light source and a black paper cover was applied to 
msure darkness. Onl 3 ' phenolic compounds were found to give consider- 
ably higher light than dark values; acet 3 iation of the phenolic groups pre- 
vented the photoreaction.^ Attempts to apph' this reaction to the deter- 
mmation of t 3 Tosine in proteins were unsuccessful, possibl 3 ’ because of 
precipitation and clumping. However, the difference between light and 
dark amino nitrogen values has given useful indications as to the relative 
amoimts of free phenolic groups in certain proteins and their aldehyde- 
treated derivatives. 

^ Van Slyke, D. D., J. Biol. Chem., 83, 425 (1929). 

■ The reaction mechanism postulated by Morel and Sisley (Morel, .4., and Sisley, 
P., Bull. Soc. chim., 41, 1217 (1927)), involving diazotization and the formation of a 
dihj'droxy' compound and nitrogen, was favored bj' the yellow color of the reaction 
mixture and the increased chromogenic value with Folin*s reagent. The slightly 
higher light than dark values observed for amino acids other than tyrosine are 
explainable as due to an increase in the rate of secondary reactions (i.c. of other than 
a-amino groups) by the small rises in temperature during illumination (1-2°). The 
t>rosine reaction is not due to this factor (Schmidt, C. L. .4., J. Biol. Chem., 82, 
5S7 (1929)). It was also found unaSectcd by the addition of potassium iodide. A 
somewhat less pronounced effect of light was observed also in the volumetric ap- 
paratus (15 minutes). 
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Ejfcct oj Light on Development oj Inert Gan hp 1 Mole of Varioun Compounds 
Treated with Nitroun Acid 


Avoragoa of two or more annlyac.'!; rcnction time, 15 miniitca; temperature, 25-28'; 
for the conditions of illumination ace the text. 


j 

Compounds | 

Nitrogen 

1 

1 Difference 

1 

i 

Dart 

LWt 



V 

m 

f-Tyrosine 

1.00 

1.G7 


Carbobenzo.\y-/-glutnmyl-f-tyroaine.. . 

mSm 

0.79 


Glycyl-f-tyrosino 


1.07 

0.55 

p-Cresol 

0.00 

0.23 

0.23 

Phenol 

0.00 

0.07 

0.07 

f-Argininc 

1.07 

1.15 

mSm 

f-Lysine 

1.89 

1.97 

bbI 

^-Tryptophane,* i-histidinc, t-cyatcinc* 




i-Phenylalaninc, /-threonine, glyeine* 

1 

i 

1 

Bl 


* These compounds dcv'clopcd more than ] mole of nitrogen in the dark. 


The author is indebted to Dr. H. S. Olcott of the Western Regional Re- 
search Laboratory for suggestions and criticism and to M. Cooper for 
technical assistance. Dr. M. Bergmann of the Rockefeller Institute, 
New York, kindlj'’ supplied samples of glj'cyl-/-tyrosinc and carbobenzoxj’- 
f-glutamyl-Ltyrosine. 
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Bureau of Agricultural and IrMustrial Chemistry 
Agricidtural Research Administration 
United Stales Department of Agriculture 
Albany, California 
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THE LIFE-MAINTAINING AND GLUCONEOGENIC PROPERTIES 
OF THE CORTIN-LIKE MATERIAL EXCRETED 
POSTOPERATIVELY* 


Sirs: 

WeU and Browne’ and Dorfman el al.- showed the presence of cortin- 
like material in the urine of postoperative patients and of normal men by 
demonstrating the ability of extracts of these urines to protect the adrenal- 
ectomized rat against the lethal action of cold. By a series of solvent parti- 
tions, which will be described in detail in a later communication, it is now 
possible to obtain from the ethylene dichloride extracts of pooled post- 
operative urine fractions which contain 10 to 30 Selye-Schenker^ cold units 
per liter of urine (20 cold units are equivalent to 1 ml. of “adrenal cortical 
extract,” Connaught). The biological properties of these extracts have 
been studied. 

The ability of the jrtin-like material to maintain life and growth of the 
adrenalectomized lamature rat was. ascertained. Male rats weighing 38 
to 45 gm. were used. 48 hours after adrenalectomy the extracts were 
administered subcutaneously twice daily for 12 days at a dose level in- 
dicated in the accompanying table. Sixteen of the twenty rats receiving 


Extract 

1 

Daily dose, 
cold units 

1 

No. of rats 
injected 

Average 
! growth in 
14 days 

Ko. of ^ts 
surviving 
on 14th day 

1 

Average 
survival 
time after 
last 

injection 

Untreated controls 


33 

gm. 

0* 

days 

"Adrenal cortical extract,” 
Connaught 

20 

9 

22A 

9 j 

3.7 

Urinary extract 

40 

20 

8.9 

16 

4.8 



• The average survival time was 4.9 days. 


urinarj' extract survived the period of injection, as contrasted tvith the 
controls whose average surt'ival time was 4.9 days. Withdrawal of the 
extract was followed by the death of all sixteen rats in 4.8 daj’S. The 
urinary cortin-like material was not as effective as the adrenal cortical 
extract in inducing gain in weight. 

* Supported in part by the National Research Council of Canada. 

' Weil, P., and Browne, J. S. L., Science, 90, 445 (1939). 

' Dorfman, R. I., Honvitt, B. N., and Fish, W. B., Science, 96, 496 (1942). 

’ Selyc, H., and Schcnkcr, V., Ptoc. Sac. Exp. Biol, and Med., 39, 518 (1938). 
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To determine the elTcct of the eortin-like miiterinl on carbohydrate 
metabolism 10 cold units rverc injected hourly info eight fasted adrcnal- 
cctomized rats for 7 hours according to the method of Rcincckc and Ken- 
dall.'' The liver glj’cogen was me.asured and compared to amounts de- 
posited by 0.25 and 0.5 ml. of "adrenal cortierd e.vtract,” Connaught. 
The amount of glycogen deposited following admini.stmtion of the urinar}’ 
extract was about 20 times that found in the livers of untreated rats but 
less than that dopo.sitcd’ by an equivalent quantity of adrenal cortical 
extract, as shown in the accompanying figure. 


O 

u 

M 

4« 

T> 

50. S 



(lO cold (scold unii5) (locold unils ) r»oor 

The demonstration that eortin-like material excreted postoperative!}' 
possesses life-maintaining and gluconeogenic properties supports the view 
that these substances may be derived from the adrenal cortex. 

McGill University Clinic Ei.eanou H. Vennino 

Royal Victoria Hospital M. Hoff.van‘ 

Montreal, Canada j g l Browne 

Received for publication, March 17, 1943 


< Reinecke R. M., and Kendall, E. C., Endocrinology, 31, 573 (1942). 
i-upported by a grant from the Banting Research Foundation. 


FURTHER EXPERIMENTS ON THE ROLE OF THE AMINO ACIDS 
IN HUMAN NUTRITION* 


Sirs: 

A recent note* from this laboratory outlined the results of experiments 
designed to determine the nutritive significance of the amino acids in man 
as measured by their role in the maintenance of nitrogen equihbrium. 
The data demonstrated (a) that the twelve amino acids previously shown 
to be dispensable for rats and dogs are also dispensable for human subjects, 
and (6) that in the latter species valine and methionine are indispensable 
dietary components. These experiments have now been extended to in- 
clude threonine, leucine, isoleucine, phenylalanine, and histidine. 

The diets were similar to those prexdously employed, and furnished 7 to 
8.08 gm. of nitrogen and 2950 to 3950 calories per day. The mtamins were 
supplied in the form of cod liver oil, and appropriate amounts of crystalline 
thianaine hydrochloride, riboflaadn, pyridoxine hj'drochloride, nicotin- 
amide, ascorbic acid, calcium pantothenate, o-tocopherol, and 2-methyl- 
1 ,4-naphthoquinone. The unidentified factors were furnished in the form 
of a concentrate of liver equivalent to 5 gm. daily of AVilson’s “liver powder 
1 : 20 .” 

Healthy young men served as the subjects. In each, a fore period pre- 
ceded the attempt to induce an amino acid deficiency. During this time, 
except as indicated below, the .subjects received the ten amino acids pre- 
viously shown to be necessaiy for animals. AATien nitrogen equilibrium 
had been established, the amino acid under investigation was withdrawn 
from the food. The results demonstrated that threonine, leucine, iso- 
leucine, and phejiylalanine are necessary constituents of the diet of man. The 
exclusion of each from the food was followed by a pronounced negative 
nitrogen balance. This was most marked in the case of isoleucine and 
phenylalanine, but was also unmistakable with leucine and threonine. 
After the experimental period, the missing amino acid was returned to the 
diet and resulted promptly in the reestablishment of nitrogen equilibrium. 

The findings with histidine were most unexpected. The removal of this 
amino acid from the food induced no change whatsoever in the nitrogen 
balance of the subjects. At first this observation was viewed with scepti- 
cism. AVe suspected that, despite the intensive purification of the amino 
acids, histidine had foimd its way into the food as a contaminant. Careful 
tests showed this not to be the case. Repetition of the feeding trials with 

* Aided by grants from the Nutrition Foundation, Inc., and the Rockefeller 
Foundation. 

‘Rose,AV. C., Haines, AV. J., and Johnson, J. E., J. Biol. Chem., 146, 683 (1942). 
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other subjects led to identicftl conclusions. Furthermore, the marked 
negative balance induced by isoleucinc or phenylalanine deprivation was 
remedied promptly by the return of i.soleueinn or phenylalanine to the food 
even in the absence of Iiistidine. Ki'ulrnOij, histidine is not necessary for 
the maintenance, of nitrogen cgiiilittrinm in human suhjects. The investiga- 
tion is being continued and the r 61 o of tryptophane, ly.sinc, and arginine 
will be announced in the near future. 


Division of Biochcmislry 
Noyes Laboratory of Chemistry 
University of Illinois 
Urbana 


tVnxiAM C. Rose 
W iu.uM J. Haines 
Junius E. Johnson 
Do.VAUD T, tVAKNEK 


ROcoived for publicntion, April 2, 1943 



NOTATIN: AN ANTIBACTERIAL GLUCOSE AERODE- 
HYDROGENASE FROM PENICILLIUM 
NOTATUM 'WITLING 

Sirs: 

A group of American workers^ has recorded the isolation and chemical 
and bacteriological properties of penicillin B, an antibacterial substance 
obtained from cultures of Fleming’s- strain of Penicilliiim notatum Westling. 
They have shown that penicillin B is protein in nature and differs markedlj’- 
from true penicillin, since it is insoluble in ether. They record that “glu- 
cose is a necessary ingredient of the culture medium if the striking anti- 
microbial action of the active principle is to be observed.” They conclude 
that, “While the mode of action of penicillin B is not understood, it has been 
observed that such activity is bactericidal in nature rather than merely 
bacteriostatic.” 

Kocholaty’ records observations indicating the presence in culture fil- 
trates of Penicilliiim notatum of an antibacterial substance distinct from 
penicillin to which he has given the name penatin. No information is 
given as to the isolation of penatin. 

A group of British workers,'* working under the aegis of the Therapeutic 
Research Corporation of Great Britain Limited, has recorded the isolation 
and chemical and bacteriological properties of notatin, an antibacterial 
glucose aerodehydrogenase from Fleming’s strain of Penicillium notatum 
Westling. These workers found that notatin only exerts its antibacterial 
activity under certain well defined conditions, but vmder these conditions 
it is a very powerful bactericide, completely inhibiting the growth of 
Staphylococcus aureus in dilutions as great as 1 part in 1 billion. It is also 
active in very high dilutions against a wide range of both Gram-positive 
and Gram-negative organisms. The essential conditions are (1) presence 
of oxygen, (2) presence of glucose, (3) absence of appreciable amounts of 
catalase. Notatin is a glucose aerodehydrogenase which in the presence of 
oxygen converts glucose into gluconic acid wth the simultaneous production 
of hydrogen peroxide according to the equation 

R-CHO + HjO -J- Oi -* R-COOH + H,Oj 


‘ RoberU, E. C., Cain, C. K., Muir, R. D., Reithel, F. J., Gaby, W. L., Van Brug- 
gen, J. T., Homan, D. M., Katzman, P. A., Jones, L. R., and Doisy, E. A., J. Biol. 
Chem., U7, 47 (1943). 

’ Fleming, A., Bril. J. Exp. Palh.,10,226 (1929). 

’ Kocholaty, W., J. Bad., 44, 142, 469 (1942). 

* Coulthard, C. E., Short, W. F., Michaelis, R., Sykes, G., Skrimshire, G. E. H., 
Standfast, A. F. B., Birkinshaw, J. H., and Raistrick, H., Nalure, 160, 634 (1942). 
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Wc bolicvc tlmt (lie sintibnctcrinl nclivity of notiitin Ih in the main, if not 
indeed exclusively, to be attributed to the formation of hydrogen peroxide. 

The exjicrinicntal evidence on which the conclusions of the British 
ivorkcr.s are ba.scd i.s being prepared for pidilicntion, but in the mc-in time 
we wish to place on record our belief that penicillin 15, penatin, and notatin 
arc one and the same sidistanee and are distinct, both in their chemical 
nature and in (heir mode of action, from true penicillin. 

London School of Hygiene and Troyicol Medicine J. tt. BinKix.siuiv 

London, England It. U.usTniCK 

deceived for puhlic.ation, April 0, lOl.t 



Z-AMINO ACID OXIDASE OF ANIMAL TISSUES 


Sirs: 

The oxidative deamination of the natural amino acids which Krebs* and 
others- have studied in surviving tissues is now generally regarded to be due 
to the action of several enzymes. One of these has now been obtained in 
purified, soluble form from rat kidne 3 ’' and liver bj- methods of preparation 
involving principally low temperature acetone precipitation and salt frac- 
tionations. The enzjTne catalj'zes the oxidation of some twelve Z-amino 
acids in the following descending order of velocities, (100) leucine, (44) 
methionine, (43) norleucine, (32) non’aline, (17) phenjdalanine, (16) 
trj'ptophane, (14) isoleucine, (13) tjTosine, (9) cj'stine and valine, (8) 
histidine, and (6) alanine. It has little if an 3 ’ action on aspartic acid, 
glutamic acid, arginine, ornithine, l 3 -sine, serine, and threonine, and no 
action on /3-alanine, gl 3 'cine, or the d-amino acids. The available evidence 
is consistent with the view that this Z-amino acid oxidase represents a single 
enzyme. 

The enzyme reacts with both molecular ox 3 ’gen and hydrogen acceptors 
such as meth 3 'lene blue. During the aerobic oxidation of leucine and 
norleucine and in the presence of catalase 1 molecule each of NHj and keto 
acid is produced for each atom of oxygen absorbed. In the absence of 
catalase HjOj formed in the reaction accumulates, and the ratio OrNHj 
approximates 2:1. The keto acids corresponding to leucine, norleucine, 
and methionine have been isolated as the 2 ,4-dinitrophenylh3-drazones. 

The d- and Z-amino acid oxidases have similar solubilities in salt solution. 
Thus all our preparations of the Z-enzyme contain some tZ-enz 3 Tne as well. 
It Ls possible, however, to eliminate the action of the <Zrenz 3 Tne by taking 
advantage of the fact that at pH 4.4 and in the presence of 15 per cent 
NajSOi the (Z-enz 3 ’^me is precipitated as the catalytically inactive flavin-free 
protein, whereas the Z-enz 3 'me is precipitated largel 3 " in the active, unsplit 
form. Thus in the absence of added flavin-adenine dinucleotide such a 
preparation behaves exclusivel 3 ' as an Z-amino acid oxidase. After several 
rejietitions of the above precipitation the split cZ-enz 3 ’me is completeh' 
destro 3 'ed, whereas a considerable proportion of the Z-enz 3 'me sur\’ives. 

The Z-amino acid oxidase has been prepared from the kidne 3 ’s of rabbit, 
cat, mouse, and pig, but in no case was a preparation obtained which ap- 
proximated the activit 3 ’ of the preparation from rat kidne 3 '. The animal 

'Krebs, H. A., Z. physiol. Chem., 217, 191 (1933); Biochem. J., 29, 1620 (1935). 

'Bernheim, F., and Bemheim, M. L. C., J. Biol. Chem., 107, 275 (1934). Bem- 
beim, F., J. Biol. Chem., Ill, 217 (1935). Kisch, B., Biochem. Z., 280, 41 (1935). 
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Z-oxidase resembles its analogue in Proteus vulgaris ns far as specificity, 
mechanism of reaction, and kinetics are concerned but it differs in being 
insensitive to capryl alcohol and HON, 

Departments of Medicine and Biochemistry D. E. Ghees 

College of Physicians and Surgeons V. Nociio 

Columbia University S. Ratxeh 

New York 

Received for publicntion, April 10, 1913 



FERRITIN 


III. THE MAGNETIC PROPERTIES OF FERRITIN AND SOME OTHER 
COLLOIDAL FERRIC COMPOUNDS 

Br LEONOR MICHAELIS, CHARLES D. CORYELL, and S. GR.ANICK 

{From Ihe Laboralories of The Rochefeller Institute for Medical Research, New York, 
and the Department of Chemistry, Unirersilyof California, Los Angeles) 

(Received for publication, February 8, 1943) 

Since ferritin (1, 2) is an iron compound, it is suggestive to investigate 
its magnetic properties. The content of iron in the ferric state is very high, 
23 per cent, higher even than in manj' inorganic iron compoimds. !Macro 
homogeneous solutions of rather high concentration can be easily prepared. 
These properties make an accurate measurement of the magnetic properi^^ 
of the iron atom quite easy. Its magnetic susceptibility was expected, 
and found experimentally, to be independent of the intensity of the mag- 
netic field. So the substance is strictly paramagnetic vdth no contamina- 
tion of any ferromagnetic substance. As regards the numerical value of 
the susceptibility obtained experimentally, no correction for any diamag- 
netic contribution of the protein molecule is necessa^ 5 ^ The diamagnetic 
volume susceptibility of water and that of any, even highly concentrated, 
protein solution differ so little from each other that the total value of the 
paramagnetic susceptibility can be ascribed to the iron alone, within the 
limits of error. 

As it became evident in the course of the studj’ that the iron in ferritin 
is present in the form of micelles of colloidal ferric hydroxide, a thorough 
investigation of various kinds of colloidal ferric hydro.xide is included in 
this paper for comparison, with a few remarks also on some ciystaUine 
mmerals of the same composition. 

Methods and Preliminary Theoretical Iniroduction 

The measurements were performed by a somewhat modified Gouy 
method, in part in Los Angeles vith the macromethod described by Coryell, 
Stitt, and Pauling (3), by which the magnetic pull is measured in terms 
of mg. of weight, in part in New York with the micromethod described 
by Michaelis (4), by which the magnetic pull is measured in terms of lines 
of deflection of the pointer of a magnetically damped semimicro balance. 
In both methods advantage is taken of the double vessel, or compensation 
vessel, such as was first used by Freed and Kasper (5). The second method 
affords the same degree of accuracy' as the other at much lower field 
strengths. The comparison of the two methods confirms the reliability 
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of the micromethod and gives added evidence of its utility for those cases 
in which the other is not sufficiently sensitive. 

Measurements with the macromethod were executed at room tempera- 
ture and at 2°. A solution of ferritin is placed in the upper half of a 
cylindrical, double compartment tube supported verticall}' by a light silver 
chain to hang between the poles of a large horizontal water-cooled electro- 
magnet. The septum of the tube is at the level of the pole axis; the lower 
compartment contains water to reduce the effect of the water of the ferritin 
solution. The measurements at room temiierature are made with a closed 
wooden box surrounding the tube. The measurements at the lower tem- 
perature are made with the tube suspended freely in a hcavj’^ copper 
cylinder supported between the poles, the cylinder being eooled by an 
ice-water mixture concentrically placed above and below the polo gap so 
that a constant, steady state of temperature obtains inside, 2° above that 
of the bath. The apparatus, including a metal column surrounding the 
chain up to the balance, is flushed with precooled dry air while the steadj’’ 
state is being reached, and dew formation on the tubes docs not occur. 
The apparent increases in weight, in terms of mg., when the magnet is 
excited with manually stabilized reproducible currents of 10 and 14 amperes 
(corresponding approximately to 7 and 9 kilo-oersteds) are observed and 
those at 14 amperes are reduced to equivalent readings at 10 amperes with 
the experimentally determined ratio, to be recorded as Aw. The difference 
between the volume susceptibility of the ferritin solution and that of water, 
called K'soin., is given by the following equation. 

Aw,y - Ato,r , 

Ktoln. — • — Kjj-) 

Aiv^ — Aw„. 

The subscripts X, IF, and A to Ato refer to ferritin solution, water, and 
air, respectively, as contents of the upper compartment, and the volume 
susceptibility of air, ka, and of air-saturated water, K,r, are taken as 
4-0.029 X 10“® and —0.719 X 10”® c.g.s.u. at room temperature (6). 

Values of k,oi,i. divided by the number of gm. atoms of iron per cc. give 
the value of the gm. atomic paramagnetic susceptibility of the iron atom, 
which will be designated as xfc- 

The micro modification of the method (4) differs from the original method 
in that the magnetic pull is measured m terms of lines of deflection instead 
of mg. A semimicro balance is equipped with a scale of 200 divisions, 
read through a microscope, at its pointer. Each line of deflection corre- 
sponds to approximately 10-'^ gm. It is not necessary to calibrate the 
scale in terms of weight at all, the calibration rather being made directly 
in terms of volume susceptibility, as follows: The content of the lower 
compartment is kept constant throughout all experiments, say in the form 
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of a 1 per cent agar gel which precludes rising of air bubbles. The deflec- 
tion when the magnet is excited is first read with air in the upper compart- 
ment. In contrast to the other method, the amperage is not kept the 
same (10 or 14 amperes) for all e.xperiments but each time adapted so as 
to produce a deflection of 80 to 150 divisions. The maximum deflection 
on excitation of the magnet abruptly is observed solely. To reach the 
ma ximum deflection, 15 seconds are needed with the magnetically (almost 
critically) damped balance. The observation is repeated six to ten times; 
the agreement is usually -within ±.2 lines, and the average of the readings 
is taken. The deflection that occurs when the current is broken is never 
read or utilized for any calculation, since it is not possible to obtain repro- 
ducible values ■\rith it. With air in the upper compartment, a current as 
low as 2 or 3 amperes is sufficient, depending of course on the relative 
dimensions of the pole gap and the cross-section of the vessel. It has been 
ascertained for the magnet used (“isthmus magnet,” General Electric Com- 
pany) and for the conditions of our experiments that at least up to 10 
amperes, for pole gaps not smaller than 1 cm., the pull that occurs when 
the magnet is excited is strictly proportional to the square of the amperage; 
in other words, that the magnetic field intensity is proportional to the 
current intensity. This agreeable property of the apparatus makes it 
easy to express each observation in a form always valid for one standard 
amperage, say 10 amperes. 

■ After the experiment with air in the upper compartment is finished, 
another experiment is made with water. The (algebraic) difference of the 
deflection nith air and with water corresponds to a difference of volume 
susceptibility of 0.748 X 10“'. Hence, if this corresponds to n lines of 
deflection at 10 amperes, each line of deflection corresponds at 10 amperes 
to 0.748 /ti X 10“' c.G.s.u. of volume susceptibiUt 3 '. This figure must be 
determined for each^vessel and for each \ridth of the pole gap and is desig- 
nated in Table II, as “vessel coastant.” It was usuallj' between 2.5 X 10“'“ 
and 5 X 10“'“ c.G.s.u., and was reproducible over any length of time -^vithin 
1 per cent. 

The vessels used had a cross-section in the neighborhood of 5 to 8 mm., 
and a length of approximately 11 cm. for each of the two compartments. 
It was ascertained that the result was the same whether the septum of the 
vessel was exacth' in the axis of the poles or a few mm. below or above. 
This condition must be fulfilled, because the v&ssel moves a few mm. in 
the vertical direction during the deflection. To obtain this condition it is 
necessary that the diameter of the pole (3 cm. in our apparatus) be con- 
siderably larger than the cross-section of the vessel, so that the septum of 
the double vessel alwaj'^s remains in the homogeneous region of the mag- 
netic field while mo\mg. It was also ascertained for each vessel that the 
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result is independent of whether the upper compartment is filled to the 
brim or about 2 to 3 mm. below the brim, showing that the upper brim of 
the vessel reaches into a region of negligibly small field strength. The 
capacity of the compartment was, for instance for one of the vessels, 1.92 cc. 
It is not necessary to determine the magnetic field strength. It may be 
noted that it varied under our working conditions from 1000 to over 10,000 
oersteds. To arrive, from the measured volume susceptibilit}", to the 
susceptibility per gm. atom of iron, xfo same procedure is used as for 
the other method. 

The effective magnetic dipole moment, registered in Tables I to III, 
is calculated according to the simple Curie law, in terms of Bohr magne- 
tons (B. M.). 

n,„. = 2.84 (1) 

where T is the absolute temperature, and x the susceptibility. The more 
general form is the Curie- Weiss equation 

p = 2.84 Vxfr - e) (2) 

where 0 is a constant that applies for a particular substance in a particular 
compound and state. If 0 should have any value not negligible compared 
TOth T, the moment, as calculated from Equation 1, would change when 
the temperature was varied. This is not the case with ferritin, at least 
not within the limits of error, as will be discussed in more detail later on. 
Consequently it is legitimate to use the numerical value of the moment 
obtained with Equation 1 to arrive at certain conclusions. Such conclu- 
sions as are important from a chemical point of view are the calculation 
of the number of unpaired electrons in the iron atom, the derivation from 
it of the nature of the chemical bonds by which the iron atom is bonded to 
the other atoms, and finally the structural properties, of the iron complex 
compound as a whole. 


Stisccplibilily of Ferritin 

Table I shows the result of the first (macro) method on several ferritin 
solutions in two temperature ranges. At room temperature the gm. atomic 
susceptibilities agree within experimental error. Considering the higher 
reliability of large Aiv values, we take 6900 X 10~® as the average suscepti- 
bility at 27°, reliable to about ±80, and 3.78 ± 0.03 B. M. as the best 
value for the magnetic moment. The susceptibility at the lower tem- 
perature increases, the values being just a little higher than expected 
according to Curie’s law. However, since the limit of error is higher in the 
experiments at lower temperature, the deviation from Curie’s law is not 
decidedly beyond the limits of error and the 0 in Equation 2 is at any rate 
small compared with T in the range of room temperature. 
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Table II presents the results of the second (micro) method on several 
ferritin solutions. The agreement of the effective moment with that m 
Table I is satisfactory. 

Table III gives the results of susceptibility and moment determinations 
on the non-crystallizable fraction of ferritin, on solutions treated with 


Table I 

Deierminalion of Magnetic Properties of Ferritin viilh Macromethod 


PreparatloQ 

No. 


Temperature 





“tS. 


gm. atom 
ptT t. 


mg. 

mg. 

mg. 



I 



23.38 

1.07 


5860 


II 



0.80 

-6.41 


5750 


IV 

0.176 

25 

7.84 ! 

-22.24 

-0.78 

5950 


I 


2 

-14.83 

-22.37 

-0.90 

6640 

3.84 

IV 

■H 

2 

-11.91 

-22.07 

-0.72 

6790 

3.88 


Table II 


Determination of Magnetic Properties of Ferritin with Micro {or Deflection") Method 


Preparation No. 

Fe 

Temperature 

Vessel con- 
stant X io-»» 


"eff. 


mg. per cc. 

“C. 




I 

5.37 ± 0.02 

22 

2.53 


3.77 

(( 

5.37 

22 



3.83 

€1 

5.37 

22 

3.13 

6115* 

3.87 

tf 

0.537 

22 

2.52 

6165* 

3.73 

IX 

4.52 

22 

3.13 

6450 

3.92 

(( 

4.52 

23 

3.13 

5980t 

3.76 

Average (unweighted) 

6145 

3.81 


* Average of several determinations. 

t Averages of measurements at 1.37, 2.05, 3.50, and 7.00 amperes, agreeing within 
1 per cent. The reading at 7 amperes was made by the macromethod. 


NaOH, on heat-coagulated material, and on ferritin isolated from the 
spleen of a horse previously subjected to many bleedings. All of these 
preparations show magnetic moments identical within experimental error 
with those of normal ferritin (Tables I and II). 

Hemosiderin 

Hemosiderin granules were obtained from the spleen by eentrifugation 
of the juice and repeated waslung with water in the centrifuge. Tinally, 
the granules w’ere suspended in as little water as feasible. Such a thick 
suspension has vei^' little inclination to settle, and may be taken as a 
nearly macro homogeneous suspension during the time necessary for the 
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measurements. The results are given in Table IV. The susceptibility 
and the effective moment are somewhat smaller than for ferritin. The 
chemical homogeneity of the hemosiderin granules may be doubted. With 
this fact taken into consideration it seems that the iron of hemosiderin is, 
at least in its main part, in the same magnetic state ns in ferritin, and that 
some of its iron may be in a state of lower susceptibilitj'. 


Tahle III 

Magnetic Measurements on Miscellaneous Ferritin Preparations (Micromethod) at SB° 


PreparAtion 

No, 

Conditions 

Fe 

’•^niolal 

“ca. 



ns- fee cc. 



VII 

Non-crystallizable fraction remaining after 
exhaustive CdSO* crystallization (c/. 
(1, 2)) 

6.00 

5050 

1 

3. 63 

IV 

3 cc. ferritin + 2 cc. 0.1 N NaOH 

mSm 

6150* 

3.78 

IX 

10 cc. ferritin + 0.6 cc. 7.5 n NnOH 

MRl 

6330 

3.8S 


Homogeneous ferritin gel irreversibly | 
coagulated at 100° 

‘1.52 

62S0 1 

i 

3.86 

X 

Ferritin of normal Fc content obtained in 
low yield from horse bled many' times 

2.11 

6250 

3.81 

Average (unwciglited) 


6132 

3.81 


* Value 6300 on the next day. 

Table IV 


Magnetic Measurement on Thick Sjtspension of Hemosiderin Granules in ITufr/' 
Micromethod; tcinpcniture, 22°; Fc, 1.27 mg. per cc. 


Expciimcnl No. 


'■clI. 

I 

•1520 

3.24 

11 

4810 (6.1 amperes) 

3.41 


5100 (4.4 “ ) 

3.50 


Magnetochemical Studies on Ferritin 

The magnetic susceptibilitj’- of ferritin brought to different pH values 
Avith acid or base Avas determined essentially Avith the macromethod. Cor- 
rection Avas made for dilution by the reagents, and the molal susceptibility 
values calculated Avith the aid of Equation 1. The results are represented 
in the folloAA-ing tabulation. 


pH 

2. 1 

3.5 

4.2 

5.45 

5.4 

10.5 

lO'Xfe 

6060 (5960)* 

5850 

5950 

5920 

5700 

5900 


* Measurement made 3 days later. 
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It is obvious that there is no change in the susceptibility with pH over 
a wide range, nor with time, in a solution as acid as pH 2.1. 

An effort was made to determine the acid limit of stability of the sub- 
stance. The dropwise addition of 1.0 cc. of 2 N hydrochloric acid to 5 cc. 
of ferritin at pH 2.1, with mechanical stirring, led to no immediate appar- 
ent change, but an orange turbidity developed in several minutes. 4 cc. 
more of acid were added to the mixture to make it 1 N in acid. It took 
about 10 minutes to get the susceptibility of the uniform orange suspension 
of the now coagulated ferritin; the value of lO'xpe was found to be 8400. 
Within an hour the precipitate had settled down in the tube. After 2 
days the fairly compact precipitate was pure white and the clear super- 
natant liquid looked like a dilute ferric chloride solution. The suspension, 
after being shaken up to obtain a uniform suspension, gave the value 
14,500 for lO'xFe which Is that of ferric chloride in acid solution (fidt. = 
close to 5.9). 

A studj' was made magnetically of the effect of solid sodium dithionite 
in the presence of some sodium bicarbonate on ferritin, initially at pH 10.5. 
It was found, in agreement with the result of Paper II (2), that slow reduc- 
tion does occur at room temperature. To 7 cc. of ferritin in the same 
magnet tube used for the determinations given in the accompanjdng tabu- 
lation, there was added approximately 0.1 gm. of sodimn dithionite 



(0) 

0.1 


2.8 

4.8 

9J0 

23 


(5900) 








* Charge of dithionite increased, 
t After shaking. 


(Na-SjOi, Eastman’s, 90 per cent pure), approximately twice the metatheti- 
cal amount required for reduction. The gm. atomic susceptibility is given 
as a function of time. The color changed gradually from red-brown to a 
peenish brown. A qualitative spectrophotometric study showed greatly 
increased ultraviolet absorption, at least partlj' due to the dithionite ion, 
and a fair increase in absorption in the red region. At the end of the study 
the solution readih' reduced methylene blue, indicating either an excess of 
dithionite or a considerable reducing power of reduced ferritin. The 
susceptibility rises slowly on reduction, apparently going to an asjTnptotic 
value of 11,000. On the assumption that this represents the limiting value 
for reduced ferritin, the magnetic moment Ls calculated to be 5.1 B. AI. 
This is just the value found for ferrous ion or ionic fennus complexes for 
which the moment from electron spin alone Is predicted to be 4.9 B. AI., 
and for which a value slight^’ higher is to be e.xpected, owing to incom- 
pletely quenched orbital contribution. Covalent ferrous complexes with 
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one d orbital involved in bond formation should give a moment somewhat 
above 2.4, and covalent ferrous complexes with two d orbitals as with 
octahedral complexes (such as ferrocyanide ion, or the a,a'-bipyridinc 
ferrous ion) should and do give zero. 

After it had been recognized (2). that the reduction of ferritin by 
sodium dithionite proceeds with much greater speed in a slightly acid 
solution, a similar experiment was performed in which a stock solution of 
ferritin was diluted with the same volume of acetate buffer, 1 M with respect 
both to sodium acetate and to acetic acid. In such a solution, addition 
of 15 mg. of Na 2 S 204 brings about almost instantaneous reduction of fer- 
ritin, the color turning from brown to light greenish yellow. The sus- 
ceptibility changed immediately to 11,400 which is, within the limits of 
error, the same as the as 3 miptotic end-value of the preceding experiment 
in alkaline solution, thus confirming the product to bo ferrous ion con- 
taining 4 electrons wth parallel spins. 

The data above suggest that the iron of ferritin is not alTcctod chcmicallj' 
by change in acid ionization in its protein environment. The absorption 
spectrum was studied for further verification. Dilutions of ferritin I were 
studied with the Beckman photoelectric spectrophotometer in the range 
700 to 320 mp in buffers at pH 4, 5, G, and 1. The spectra of several sam- 
ples of these solutions M-ere identical, but gave molar absorption coefficients 
(referred to iron) 12 per cent higher than those of Kuhn and coworkers 
(6) (29 per cent higher at 470 and 500 m^t). The molar absorption co- 
efficient increased smoothly to 5.0 X 10’ at 320 m^. The preparation at 
pH 1 showed somewhat lower absorption coefficients, possiblj’ ascribable 
to partial destruction of the protein with release of the less colored ferric 
ion, as found in the magnetic studj" in 1 n acid. 

A solution at pH 5 in 0.6 m potassium fluoride solution showed an ab- 
sorption curve identical with that of ferritin alone, indicating that no 
tendency W’hatever occurs to form a fluoride complex. Similarl}^ no change 
in color occurs at pH 10 even with a large concentration of potassium 
cyanide. These observations emphasize the chemical non-reactmty of 
ferritin iron. 


Ferric Hydroxide Prepared from Ferritin 

When, to a solution of ferritin, sodium hydroxide is added in sufficient 
amount, a precipitate of ferric hydroxide arises, leaving practicallj’' all of 
the protein in solution. At the same time most of the PO 4 is released from 
the ferritin. The precipitate can be washed with distilled water until 
practically free from electrolytes and suspended in very little water to 
form a thick suspension which settles verj'^ slowly. Any noticeable sedi- 
mentation during the magnetic measurements would be manifested by a 
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slow and continuous change of susceptibility, which did not occur. There- 
fore, the susceptibility of this suspension can be measured -ndth fair ac- 
curacy. One may similarly measure, with more or Jess accurac 3 ' according 
to conditions, any kind of ferric hj'droxide obtained as an amorphous 
precipitate. The results for the ferric hydroxide prepared from ferritin 
by precipitation mth sodium hj'droxide are as follows: temperature 23°, 
vessel constant 3.13 X lO-'”, Fe per cc. 3.56 mg., 10 'xfc 6090, petf. 3.77. 
It can be seen that wthin the limits of error the ferric hj'droxide has the 
same susceptibilitj', per gm. atom of iron, as ferritin. Consequentlj', the 
particular value of the susceptibUitj' of ferritin is inherent in the iron atom 
itself and is not connected with the PO 4 or due to the particular bonding of 
the iron with the protein of ferritin. 


Colloidal Ferric Hydroxide 


In spite of the extensive literature on the magnetic properties of o.xides 
and hj'droxides of iron, compiled bj' Gmelin (7), MeUor (8), and especially 
Baudisch and Welo (9), there are few magnetic measurements on colloidal 
and amorphous hj’droxides that we can use to compare with ferritin values. 
This literature is mainly concerned with the problem of the conditions 
under which dehj’dration at high temperatures results in the formation of 
either a ferromagnetic or a non-ferromagnetic ferric oxide. In this paper 
no ferromagnetic compound will be considered, since it never arises under 
conditions interesting from our point of view. Our investigations were 
performed with colloidal solutions of ferric hydroxide prepared bj’ different 
methods, and to some extent with the precipitates derived from them by 
precipitation at room temperature. The naturally occurring cij’stalline 
ferric hj'droxides will be briefly mentioned. 

Our measurements, carried out with the micromethod, furnished the 
results show’n in Table V. It can be seen that the susceptibilities per gm. 
atom of iron vary -within the wide limits from xpe X 10® = about 14,000 
down to 2700 at room temperature, and the effective moment derived 
herefrom according to Curie’s law varies from 5.8 to 2.5. The value is 


constant for each sample of the colloidal solution over months. The 
amorphous ferric hj'droxide derived from a colloidal solution bj' precipita- 
tion either with salt or with alkali showed no change of susceptibilitj' 
within the limits of error inherent in the measurement of a thick suspension 
of precipitate. This, however, is no longer true when the amorphous pre- 
cipitate is subjected to energetic dehj'dration at high temperatures. Ev’en 
refluxing the colloidal solution for 1 day at 100° low'ers the susceptibUitj’ 
(Table V, second line). 

The value of susceptibility for each sample depends upon the mode of 
its preparation. The highest values are equal to or at least closelj' ap- 
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Table V 


Magnetic McasvrcmcnU of Colloidal Ferric Ili/droxidc (Micromclhod) 


Heparation 

Temperature 

Fc 


"cfi. 


•c. 

23 

mj. fer tc. 

0.8G8 

13,9G0 

5.78 

" after refluxing 24 hrs 

23 

O.SOG 

6,270 

3.SG 


25 

l.OG 

14,300 

5.85 

D 

22 

0.89S 

13,800 

5.72 

M 

24 

1.77* 

13,300 

5.62 


22 

1.37 

13,300 

5. CO 

tt 

22 

1.37 

12,800 

5.48 

Ppt. of B 

23 

1G.7C 

15.900t 

G.lf 

0 

23 

0.575 

11,900 

5.37 

P 

23 

0.5SG 

9,GG0 

4. 78 

J 

24 

13.00 

8,250 

4.45 

L 

24 

3.57 

7,510 

4.20 

K 

23.5 

1.335 

5,800 

3.72 

C 

22 

3.41 

5,400 

3.55 

" partially absorbedj . . 

22 

2. Cl 

4,900 

3.40 

S 

1 24 

0.0SS5 

3,880 

3.02 

Ferric albuminate 

i 22.5 

2.20 

1 4,000 

3.10 

“ globinatc 

1 22.5 

i O.CIC 

4,120 

3.12 

Commercial colloidal solution 

1 

' 39 0 

2,880 

2. Cl 

Same, 10 X diluted 

22 

J 3 90 

, 2,770 

2.50 

A 

1 22 

j 1.24 

2,C70 

2.52 


* Analyzed for Cl, 0.010 mg. of Cl per cc. 

t This suspension is not stable enough to allow nucuratc mensurements, but tiiore 
is obviously no decrense of Xp,, in the precipitate ns compared with tlio colloidal 
solution. 

t 25 ce. of the colloidal solution, shaken with 1 gin. of kaolin, centrifuged. (Un- 
uccessful attempt to fractionate the colloidal solution into fractions of different 

usceptibility.) 

s 

Modes of Preparation — FeClj always means solid ferric chloride with approximately 
6 moles of H:0 of crystallization. All preparations were finally centrifuged if 
necessarj’ and dialyzed against distilled water. Preparation A, 30 per cent FeClj 
solution, added to 250 cc. of cold HjO, heated to 90°, the temperature being raised 
slowly, 1° perminute, turbid, yellow; Preparation B, 300 cc. of H-0 heated to boiling, 
then 6 cc. of 30 per cent FeClj solution added dropwise, clear, red; Preparation C, 
20 cc. of 30 per cent FeCij solution added dropwise to 70 cc. of boiling water; Prepara- 
tion D, 3 Cc. of 15 per cent FcOlj solution added dropwise to 150 cc. of boiling water, 
red, clear; Preparation J, 2 gm. of FeOlj-IHjO -f 50 cc. of iiyridinc, air-bubbled for 
24 hours, dialyzed 3 days; Preparation K, 4 gm. of ferric nitrate (-f- PHjO) in 150 cc. 
of H;0, slowly heated to 85°, clear, distinct Tyndall effect; Preparation L, 3 gm. of 
scales of ferric acetate in 150 cc. of II.O -t- 1 cc. of I st acetic acid, slowly heated to 
85°, filtered, first clear and red, after dialysis more brown-red; Preparation M, 10 
cc. of 15 per cent FeClj added dropwise to 150 cc. of boiling water; Preparations 0 
and P, 5 cc. of 5 per cent FeClj solution added dropwise to 150 cc. of boiling water; 
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Table V — Concluded 

Preparation S, 5 cc. of saturated ferric sulfate solution added dropwise to 150 cc. of 
boiling water; Preparation Z, similarly made ns was Preparation M. 

The precipitate of Preparation B is made from dilution of the colloidal solution, 
Preparation B, by adding 1.2 cc. of O.OI M NaOH, centrifugation, and suspending the 
precipitate in HjO to a total volume of 2 cc. 

Ferric albuminate was made by adding dropwise a 25 per cent FeClj solution to 
100 cc. of 2 per cent solution of dried egg albumin (commercial), centrifuging, and 
dialyzing 3 days; clear, brown colloidal solution. 

Ferric globinate was made by adding dropadse to a 2 per cent solution of horse 
globin (made from hemoglobin a’ith acetone + HCl), FeClj as in ferric albuminate. 

proach that of an ionic ferric compound; namely, corresponding to a mo- 
ment of nearly 5.9 Bohr magnetons. Such values are obtained when an 
aqueous solution of ferric chloride is added, dropuise, to a large amount of 
boiling water, cooled, and dialj'zed. 1\Tien a correspondingly diluted 
cold ferric chloride solution is gradually heated to boiling (Table V, Prepa- 
ration A), the susceptibility of the resulting colloidal solution is much 
lower (2700 instead of 15,000). Colloidal solutions made from ferric salts 
other than the chloride, even those made from ferric fluoride, showed much 
lower values also (around 4800). Colloidal solutions made at room tem- 
perature by adding small amoimts of ammonia to a ferric chloride solution 
vith subsequent dialysis all gave low values (around 4000). In general, 
the solutions of verj^ high susceptibility are clear and more red; those of 
low susceptibility are turbid and more yellow. However, this rule is not 
strict. The red solution of high susceptibility (Preparation Z, Table V), 
when reflaxed for 1 day, remains red and rather clear, although showing 
a strong Tyndall effect; yet the susceptibility of this red solution is con- 
siderably lowered (from 14,000 to 53{K)). Some results may be mentioned 
preliminaiy^ to studies of paramagnetic crystalline minerals of ferric o.xide 
or hydroxide free from ferromagnetic impurities. When investigated as a 
powder at room temperature all showed very low susceptibilities, cor- 
responding to an effective moment of 2.4 to 2.7 B. M.* These included 
two crystalline minerals of the composition (FeOOH)„, goethite and lepido- 
crocite, another of the composition (re 203 ) 2 -H 20 , limonite, and even the 
anhydrous ciystalliue mineral hematite, Fe203.^ As regards these crystal- 
line compounds one must wait for a comparative study at very low tem- 
peratures for a more exhaustive interpretation. These minerals are men- 
tioned here in order to include them in the following discussion. 

' These values arc not in agreement with those reported earlier (9). 

^ ’ It may be mentioned that complete dehydration of goethite at high temperatures 
003X0 (9, 10) to result in formation of non-ferromagnetic Fe-Oj, and that of lepi- 
ocrocitc in formation of ferromagnetic Fe.Oj. It is in agreement herendth that all 
our samples of goethite were strictly paramagnetic, whereas those of lepidocrocite 
mam ested a slight contamination with a ferromagnetic substance. 
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PI6CUSSI0N 

Interpretation of Susccpiibilihj vi Terms of Magnetic Dipole Moment and 
of Number of Unpaired Electrons — ^Ferric ion contains 23 electrons. In 
the ground state 13 of them are in thcil/ shell. Of tliesc 13 there are one 
pair of s, three pairs of p, and 5 unpaired d electrons. Only the latter 
5 can contribute to the paramagnetism, and only through their spins, 
since the vectorial sum of the orbital moments of 5 unpaired d electrons is 
zero. The magnetic moment due to the spins of n unpaired electrons is, 
according to theory, \/n{n + 2) Bohr magnetons; .so the moment of ferric 
ion, per gm. ion, should be 5.91 B. M. A value equal or at least very 
close to it is found in numerous ferric compounds such as ferric chloride in 
suflBcientlj’’ acidified solution, in vciy manj- ferric complc.'c compounds, 
and even in some preparations of colloidal ferric h.\'droxidc (Table V). 
This value of the moment is arrived at from the measurement of suscepti- 
bility at room temperature, assummg the simple Curie law which correlates 
susceptibility, x, and moment, p, according to Equation 1. The more 
general Curie-Weiss law (Equation 2) merges into the above more simple 
form if the constant 6 is small in comparison with T. This condition is 
fulfilled when the Fe — Fe distances are large enough to prevent any ap- 
preciably magnetic interaction (11, 12). The ferric ion with 5 unpaired or 
“odd” electrons is one extreme and is encountered in those iron compounds 
in which only ionic (or ion-dipole) bonds connect the Fe with the 
complex-forming atoms or atom groups (11), 

The other extreme is that with Fe having only 1 unpaired electron. This 
type has been observed in numerous complexes such as ferricyanide ion, in 
which according to Pauling’s theorj’’ the iron is connected to the six CN 
groups by covalent, instead of ionic, bonds. Six h 3 'brid d-sp^ bonds arc 
formed, leaving only 1 unpaired electron. The moment expected from its 
spin should be 1.73 B. M. (see Table VI); however, the actual moment is 
somewhat greater, 2.3 B. M., owing to the orbital contribution. Although 
this orbital contribution is greatly quenched bj’' the molecular electric 
field, it is not entirely quenched. 

A third kind of ferric atom is that containing 3 unpaired electrons. It 
was suggested first by Corj'ell, Stitt, and Pauling (3) for ferrihemoglobin 
hydroxide, and is intermediate between the two mentioned extremes. Here 
only tour covalent bonds of the type dsp- are formed, leaving 3 unpaired 
electrons. This results in producing a moment from spin alone equal to 
3.87 B. M., which also may be somewhat increased bj’’ orbital contributions. 
Although the magnitude of the orbital contributions cannot be predicted, 
it is relativelj’" small. A glance at Table VI shows that for the three cases 
the moments from spin contribution alone are so widely different from each 
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otter that no doubt can arise in the interpretation of a susceptibility in 
terms of Bohr magnetons and consequentlj’’ in terms of the number of im- 
paired electrons. 

One disturbing factor remains for consideration. When the Fe — Fe 
distances are very small, their mutual interaction may render the above 
interpretation doubtful, because in this case each Fe atom is then under 
the influence not onlj' of the externally applied magnetic field but also 
of an internal field to ivhich it is exposed. In such a case, provided we 
are dealing nith a paramagnetic and not a ferromagnetic substance, the 
moment, as calculated in the usual way from the susceptibility, appears to 
be smaller than it would for the isolated Fe atom. However, no para- 


Table VI 

Iron, in Ferric State, in Non-Ferromagnetic Compound Showing Following Magnetic 
Properties According to Number of Unpaired d Electrons 


No. oi 
unpaired d 
electrons 


Calculated from spin 
contribution alone 

Experimentally 
observed 
susceptibility 
in known 

1 compounds due 
to spin -f 
orbital 

1 contribution. 

10^ 

Effective 
moment 
derived here- 
from according 
to Eqimtion 1. 
"cff. 

1 

No. and 

character of bonds 

^foment 

(Bohr magnetons). 

Suscepti- 
bility per 
gm. atom 
at 22% 
I0<* 

1 

3 

6 covalent d’sp’ 
bonds 

4 covalent dsp* 
bonds (and 2 
ionic bonds) 

Vl(l+2) = 1.73 

V3(3-l-2) = 3.87 

1,260 

6,300 

About 2,200 

About 2.3 

5 

Ionic bonds only 

V5(5-l-2) = 5.91 

1 

14,700 

Very close 
to 14,700 

Very close 
to 5.91 


magnetic iron compound has been found in which one would be compelled 
to assume an Fe — ^Fe interaction of such a magnitude as to make impossible 
the classification of the compound as belonging to one of the three states of 
Table VI. The only case’ in which a rather strong Fe — ^Fe interaction 
seemed to occur was in a binuclear iron comple.x discussed by Gaines, 
Hammett, and Walden (14). The ■writers were unable to confirm this 
result but found a susceptibility for this compound very close to that of 
ferricyanide ion (13). 

Consequently it is most unlikely that the assumption of Fe — ^Fe inter- 
action of variable magnitude can e.xplain the wide range of susceptibilitj' 
values of the colloidal ferric hydroxide, some as high as 14,000, others as 
low as 2600. A much more plausible hypothesis is that the highest values 

’ The exceptional case of the diamagnetic compound Fes(CO)i is discussed else- 
where (13). 
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are those characteristic of an ionic ferric compound, the lowest those 
characteristic of a covalent ferric complex such as fcrricyanidc ion, and 
that in general the iron atoms in an amorphous ferric hydroxide arc not 
equivalent, but in different magnetic states; so that the measured suscep- 
tibility is just an average value, to which each of the three magnetic states 
of ferric ion of Table VI contributes its share. Wc shall now consider on 
what conditions the state of each single iron atom will depend, 

Struchire of Amorphous or Colloidal Ferric Hydroxide — Since the co- 
ordination number of iron is practically invariably she, fcriic ion, as existing 
in a sufficiently acidified solution of FeCh, may be considered as an octa- 
hedral complex re^^^(H 50 ) 6 +++, the rvater molecules being held by ion- 
dipole bonds. As regards the discussion of magnetic properties, it is 
irrelevant whether to some extent H«0 is replaced bj' Cl“ ions (Rabino- 
■witch and Stockmayer (15)). The water in this complex is more acidic 
than free water, because the positive charge of the iron facilitates the 
dissociation of protons, and so, according to pH, 1 or more protons may 
be detached. However, as the total positive charge of these molecular 
species decreases, the tendenej’’ toward aggregation is enormously en- 
hanced.^ Micelles are formed in such a way .that an OH“ of 1 molecule 
and an OH“ or OHj of another molecule split out HjO, producing an oxj'gcn 
bridge between 2 iron atoms. Two octahedra share a corner rei)rc.scnted 
by this oxygen atom. More than one comer of an octahedron can he 
.shared with a number of adjacent octahedra. The H atom of any re- 
maining OH“ may form a hydrogen bond with an 0” atom of another 
octahedron. In fact, tliis is in principle the structure of the naturally 
occurrmg crystalline minerals of composition FcOOH; namely, gocthitc 
and Icpidocrocitc (Ewing (17) and Goldsztaub (10)). According to Ewing 
there are in goethite double layers of octahedra, each one sliaring three 
corners with three adjacent octahedra. Each such double layer is sepa- 
rated from the next bj" a single layer of H atoms. In Icpidocrocitc the 
structure is similar, the difference being that the octahedra share alternately 
two and four corners with adjacent octahedra. The difference between 
these more or less distinctly crystalline minerals and the less distinctly 
crystalline and amorphous kinds of ferric hydroxide of approximate com- 
position FeOOH may be that the stnicture of the latter is not regular over 
any appreciable extent of space, but in part approaches that of goethite, 
in part that of lepidocrocite. The replacement of some OH" by Cl" or 

* The concentration of the species FefOHla in a highly dispersed colloidal ferric 
hydroxide solution is estimated by Lamb and Jacques (16) to be 2 X 10~’ Ji, and is 
even lower in aged colloidal solutions. This figure may be taken ns an indication for 
the instability of undehydrated Fe( 0 H )3 rather than for its solubility in the thermo- 
dynamical sense. 
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other anions, unable to form bonds comparable to hj^drogen bonds, maj'^ be 
responsible for the lack of a perfect crystalline state. 

In order to account for the variability of the magnetic state, the following 
principles will be suggested. (1) H 2 O or OH" is bound to Fe always by 
an ionic (or ion-dipole) bond. (2) 0" may be bound to Fe sometimes by 
an ionic, sometimes by a covalent bond, according to the particular struc- 
ture. Theorj' cannot predict as yet, in general, when a bond will be ionic 
or covalent, but it can foresee a certain structural condition which makes a 
covalent bond impossible and leaves onb' the possibility of an ionic bond. 
If an oxygen atom lies at a shared comer of two or more octahedra, the 
angle between the bonds Fe — 0 — Fe must have a rather well defined mag- 
nitude in order that stable covalent bonds maj' be formed. If, for instance, 
two octahedra are united onlj' by the sharing of one 0”, the bonds cannot 
be covalent, because their angle is 180“ or at least not far from it. For 
example, in a linear string of octahedra with shared comers the bonds 
must be ionic. If two covalent bonds originate from an oxygen atom, the 
valence angle must be 90° or be at least not too far from it. This is pos- 
sible when 2 0” atoms lying at the two comers of an edge are shared bj^ two 
adjacent octahedra. So, sharing of an edge ma 5 ' be considered as neces- 
sary for covalent bond formation. The variability of the stmeture of 
amorphous ferric hydroxide, especially with respect to the sharing of 
comers only or of edges, may explain the variability of the magnetic sus- 
ceptibilitj'. It is not yet possible to correlate the prevalence of the one 
or the other pattern of the stmeture with the mode of preparation of the 
hydroxides. 

It is all the more remarkable then, that the susceptibility of the iron of 
ferritin, either in ferritin itself or in the ferric hydroxide precipitated from 
it, is always, within the limits of error, of one definite magnitude, cor- 
responding to a moment of 3.8 B. M. This is almost precisely the value 
postulated for four covalent dsp^ bonds (Table VI), The configuration 
around the atom may be always an octahedron, but only four of the six 
bonds, located in one plane at the comera of the square, are essentially 
covalent. The only objection against this interpretation is that the agree- 
ment between theory and experiment is almost too good. One would have 
expected that the orbital contributions of the 3 unpaired electrons would 
not be completely quenched and would result in slightlj’’ higher value of 
susceptibility and moment. However, here slight uncalculable secondary 
influences, such as a slight Fe — ^Fe interaction, may cancel the effect of 
orbital contributions. The most probable conclusion is that the iron of 
ferritin is always in a particular one of the three possible states, namely 
the one with four covalent bonds, whereas, in general, in colloidal iron 
compounds it varies within wide limits. 
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Other Ferric Com-pounds of Biological Interest, Belonging to Same Type 
.4s Ferritin — Among the cases known so far in wliich an iron complex of 
biological significance magneticall 3 ’’ resembles ferritin, ferric hemoglobin 
(alkaline methemoglobin) must be mentioned, for which Cor.vell, Stitt, 
and Pauling (3) found a susceptibility of lO'x = 8340, corresponding to 
an effective moment of 4.47 B. M., which is near that for spin contribution 
of 3 unpaired electrons (3.87). This was the first case which suggested 
to these authors that in an octahedral complex there arc onlj’ four dsp- 
bonds instead of either six covalent dHp^ bonds, or six ionic bonds. It is 
noteworthj’- that onl}' the hj'droxide but not the chloride of methemoglobin 
shows tliis value. It is possible also that the ferric form of cj^tochromc c 
is capable, under certain conditions, of existing in a similar magnetic state, 
since Theorell (18) found susceptibilities, on var 3 ’ing pH, changing from 
those characteristic for 5 unpaired electrons down to those characteristic 
for 1 unpaired electron. Since, however, with var 3 '-ing pH the suscepti- 
bilit 3 ^ of c 3 d,ochrome continuousl 3 ’- varied from 13,000 to 2500 approxi- 
matety, the assumption of intermediate state is not so cogent, because all 
intermediate values might have been brought about b 3 '' mixtures of the 
two extreme states alone. For catalase it liad been suggested b 3 ’' the 
authors (19) that this substance might belong to the group of iron com- 
pounds vith 3 odd electrons. Additional experiments to be published 
later make this doubtful, although it remains certain that it docs not 
belong to the group with 1 odd electron. 

SUMMARY 

The iron atom in a ferric compound ma 3 ^ be in one of three possible 
magnetic states, containing either 1, 3, or 5 odd electrons, characterized 
b 3 ' values of magnetic susceptibility and magnetic dipole moment which 
are shown in Table VI. In iron complexes in general there are six coordina- 
tion bonds or valences and the complex ma 3 ’^ be considered as an octahedron. 
If all six bonds are ionic, there are 5 unpaired electrons; if all si.x bonds are 
covalent, there is 1 unpaired electron. The rarel 3 ' occurring state, in 
which only four of the bonds are covalent, has 3 unpaired electrons. The 
magnetic susceptibilit 3 ’’ of a ferric complex has three ver 3 ’’ different values 
according to which of those three types it represents. 

The main contribution of the susceptibilit 3 ’' is due to the electron spin, 
and for the 5 odd electron state the spin is the sole contributing factor. 
For the other states, a slight contribution ma 3 " also be furnished by the 
orbital motion of the electrons which raises the susccptibilit 3 ’’ to a certain 
extent over the value theoretically expected from spin alone. This in- 
crease is, however, relativel 3 ^ small and does not pre^’^ent the recognition 
of the class to which any individual ferric compound belongs. 
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It is not possible as yet to predict which atoms or atomic groups are 
bound to the iron by ionic, and which by covalent bonds. However, cer- 
tain considerations regarding the valence angles permit us to state under 
what condition a bond cannot be a covalent one. 

The iron of ferritin is most likely present in the form of micelles of ferric 
hydroxide interspersed in the apoferritin crystal lattice in the spaces be- 
tween the protein molecules. A comparative study of a great number of 
preparations of colloidal ferric hydroxide and of ferritin reveals the follow- 
ing facts. 

The iron atoms of colloidal ferric hydroxide in any one preparation are, 
in general, not equivalent but in different magnetic states. The two ex- 
tremes of all the cases occurring are represented by those vdth almost all 
iron atoms in the 5 odd electron state and, on the other hand, by those 
having most of the iron atoms in the 1 odd electron state, depending on 
the manner in which the compound is prepared. The iron of ferritin, 
however, is alw'a3's in the one of the three possible states corresponding to 
the rarely occurring 3 odd electron state. This property is not due to 
the particular binding of the iron in ferritin but is even inherent in the 
amorphous ferric hydrojude prepared from ferritin by precipitation with 
alkali. The susceptibility observed is exactly that for the 3 odd electron 
state with spin contributions alone. 

The interpretation for the variability in those colloidal preparations is 
that ferric hydroxide does not exist in the form of individual molecules of 
Fe(OH)3 or, better, Fe(0H)3(H20)3, but rather that a partial dehydration 
takes place, establishing oxygen bridges from one Fe atom to another, thus 
producing neighboring octahedral complexes wth shared comers and 
edges. The oxygen of such a bridge may be sometimes bound by covalent, 
sometimes by ionic bonds, according to the valence angles established. 
In contrast to the great magnetic variability of colloidal ferric hydroxide 
in general is the constancy of that in ferritin or preparations derived from it. 

The effects of temperature and of Fe — Fe interaction are discussed and 
are shown not to invalidate the above considerations. 

Reduction of ferritin by Na2Ss04 results in a ferrous compound of the 
same magnetic state as in FeSOi. No fluorine or cyanide complex of 
ferritin could be detected either by magnetic or by optical methods. 
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Battelli and Stem (1) in 1914 extracted indophenol oxidase from animal 
tissue, an enzjTne complex wliich catalyzes the oxidation of p-phenylenedi- 
amine and of succinic acid by molecular oxj’gen. Keilin and Hartree (2) 
and Stotz, Sidwell, and Hogness (3) were able to show that these reactions 
are mediated by cytochrome c. In accordance uith their suggestion, the 
term cytochrome oxidase is used now to designate the complex of enzjmes 
which brings about the reaction between cj^tochrome c and molecular 
oxj'gen. Using the method of carbon monoxide inhibition and reversal 
of this inhibition bj' light, Alelnick (4) has recentlj' demonstrated 
Warburg’s oxj'gen-transferring enzjTne (5) to be an integral part of this 
complex. In addition to Warburg’s ox 3 ’gen-transferring enz 3 'me, cjdo- 
chrome a (6) and another iron compound (7) may participate in the en- 
zymatic oxidation of cytochrome c. The oxidase preparations of Keilin 
and Hartree (2) and others consist of insoluble particles and, therefore, 
attempts to fractionate and purify the oxidase have as yet been imsuccess- 
ful. In this paper a method of extraction will be described wherebj' 
cjtochrome oxidase can be obtained in better jdeld and -nith higher ac- 
tivitj' per unit of dry' weight than that pre'V'iouslj^ reported. Furthermore, 
by exposing the enzyme suspension to ultrasonic radiation and subsequent 
high speed centrifugation, a clear solution containing Warbmg’s oxygen- 
transferring enzyme is obtained. 

Enzyme Test — For the determination of oxidase actimty^ a method similar 
to that of Keilin and Hartree (2) and Stotz, Sidwell, and Hogness (3) is 
used with slight modifications. Cytochrome c is reduced by' hy'droquinone 
and subsequently' reo.xidized by' molecular o.xy'gen in the presence of the 
oxidase complex. The rate of oxy'gen consumption is measured in the 
usual way' in Warburg manometers. Inactivation of the enzyme to the 
extent of 25 per cent in 5 minutes takes place imder the experimental 
conditions of prex'ious test methods. Furthermore, considerable auto.xida- 
tion of the substrate had to be taken into account. The test, as carried 
out here, offers certain advantages because the rate of the reaction remains 
constant for the duration of the experiment and because the reaction will 
not proceed when any' one of the components of the test sy'stem is omitted. 
The results of ty'pical experiments are given in Figs. 1 and 2. 

481 



482 


cvTocnnoMK oxidaki; 


Extraction of Cytochrome Oxidase — Pig heart, is ti.'^ed ns a source of tlic 
oxidase and pas.sed llirougli a meat grinder after Imving been freed of fat 



Fio. 1. Oxygon consumption ns a function of time, 2.5 cc. of 0.05 xi phosphate 
buffer, pH 7.1, + 1.0 mg. of cytocliromc c + 3.0 mg. of hydroqiiinone. Curve 1, 
without oxidase; Curve 2, 0.03 cc. of oxidase; Curve 3, O.OC cc. of oxidase; Curve 4, 
0.12 cc. of oxidase. Temperature, 25°; gas phase, air. 



Fig. 2. Velocity of o.xygen consumption as a function of enzyme concentration. 
Curve 1, without cytochrome; Curve 2, with 1.0 mg. of cytochrome. Temperature, 
25°; gas phase, air. 


and Other non-muscular tissue (Preparation A). 300 gm. of tissue to- 
gether with 120 gm. of sand and 22 cc. of toluene are ground for 12 hours 
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at room temperature in a mechanical porcelain mortar. Microscopic ex- 
amination at this stage reveals pieces of broken cells unth none of the myo- 
cardial fibers remaining intact. The tissue pulp is collected and kept in 
this form for 10 hours at 0°. Extraction of the oxidase from the autolyzed 
tissue is accomplished by adding 900 cc. of 0.05 m ammonium-ammonium 
chloride buffer of pH 10.4, followed by mechanical grinding in the mortar 
for 1 hour at room temperature. The suspension is centrifuged for 1 
hour with a gravitational force of about 3000 times gravity, resulting in 
700 cc. of a red, opalescent supernatant which contains the oxidase. The 
enzymatic activity of this first extract, determined as described above, is 
shown in Experiment I of Table I. After cooling to 0° the enzj’-me is 


Table I 

Enzymatic Activity after Extraction, Precipitation, and High Speed Centrifugation 
T, 20°; gas phase, air. 



Experiment I, 0.10 
cc. enzyme (1st 
extract) 

Experiment 1I» 0.05 cc. 

1 enzyme = 1.6 mg. 

(after add pptn., wash- 
1 ing, and resuspension) 

Experiment III, 1.0 cc. enzyme (after 
j centrifugation for 90 min., 10,000 g) 

Oxygen uptake 

mm. 

15 

c.mm. j 

81 

c.mm. 

81 

c.mm. 

39 



Yield, 100% 

Enzyme in solution, 48% 


At 25° Qot = ^ = 203 (c.mm. Oi per mg. per hr.) 

1.6 

“ 39° “ = 4 X 203 = 812 " “ " " “ “ 

The oxygen consumption at 39° was 4 times as great as that at 25°, only the initial 
slope being taken into account. 


precipitated at pH 5.6 by slowly adding 14 cc. of 2 m acetate buffer of 
pH 4.5. The enzyme is separated by centrifugation at 0° and the clear, 
red supernatant is discarded. The precipitate is washed with 1.2 liters of 
cold water, centrifuged off, and finally suspended in 350 cc. of 0.05 m 
ammonium-ammonium chloride buffer of pH 9.5. The suspension thus 
obtained contains 32 mg. of protein per cc.; a determination of the en- 
zymatic activity is given by Experiment II in Table I. In order to deter- 
mine the amount of enzyme which has actually gone into solution, high 
speed centrifugation was carried out on the 20-fold diluted suspension 
(Experiment III). 

The result of Experiment II indicates that the oxidase can be precipi- 
tated and washed under these conditions without loss of activity. When 
the results of Experiments II and III are compared, it becomes apparent 
that after mechanical disintegration of the tissue and subsequent autolysis 
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a considerable fraction of the oxidase is now soluble. As another con- 
.sequence of the radical disruption of the cellular .sf nicf tire, 15 times ns much 
enzyme can be extracted here ns could be obtained by following Keilin’s 
procedure. In addition, the removal of inert tis’siie In' autolysis leads to 
an oxidase preparation which is (> times as active per unit of diy weight 
as previous preparations. 

The oxidase is fairly stable in alkaline solution but loses its activity 
rather rapidly in slightly acid or neutral solutions, as demonstrated in 
Table II. 

Iic7)iarks Pertaining to Isolation Procedure — Desjiite its .sensitivity to- 
ward acid media the oxidase can be separated without any inactivation in 
the procedure outlined above, prc.sumnbly owing to protection of the 
enzyme by inert proteins and products of autolysis present in .solution. 
However, an additional i)recipitalion without tin’s precaution causes the 
loss of 50 per cent of the enzymatic activity. Higli speed centrifugation 


Taui.k H 

Inaclivalion of Cytochrome Oxidase at Different Ht^drogen Ion Concentrations 


pH 

Time of incubation at 0* 

Inactivation 


days 

per cent 

5.0 

2 

50 

0.5 

2 

25 

7.0 

2 

17 

8.9 

32 

13 

1 


of the solution reveals that the amount of dissob'cd oxidase remains un- 
changed before and after acid precipitation. This fact indicates that no 
irreversible aggregation has taken place. Tlie amount of oxidase brought 
into solution depends on the conditions of autolysis and extraction ; further- 
more, it is subject to variations in the starting material. For example, 
Preparation B was treated essentially as before, except that water was 
added to facilitate the grinding of tissue followed by autolysis at room 
temperature. The total yield of enzyme was lower than before, but the 
activity per unit of diy weight was high and after 65 minutes of centrifuga- 
tion in a gravitational field corresponding to 12,000 X <7 a clear solution 
was obtained wliich contained 65 per cent of the original activity. In 
another preparation (C) heart muscle was cut into small pieces and kept for 
1 day at 0° before it was subjected to the usual procedure of grinding and 
extracting. This may have impaired somewhat the efficiency of the ensu- 
ing autolysis, as yield and purity were found to be lower than usual, and as 
only 23 per cent of the initial activity remained in the Avater-clear super- 
natant after high speed centrifugation. 
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Thorough mechanical destruction of the tissue is essential in order to 
obtain an enzj^e preparation of high activity which at the same time con- 
tains most of the ojddase in soluble form. To demonstrate this point we 
have extracted the oxidase in the usual way after grinding the tissue for 
vatying periods of time in the mechanical mortar. The enzj'matic ac- 
tivity of the suspension (first extract) and of the solutions which were 
obtained after 45 minutes of high speed centrifugation was determined as 
previously described. The results are given in Table III. 

Ultrasonic Treatment— Alter it had been observed that upon prolonged 
grinding of heart muscle with simultaneous autolysis a fraction of the 
enzymatic acthnty could be obtained in solution, it appeared desirable 
to adopt a supplementary method bj”^ which a more extensive disintegration 
could be achieved. Such additional treatment could be expected to bring 
a larger fraction of the oxidase into solution. Ultrasound waves of high 


Table III 

Effect of Mechanical Disintegration on Yield and Solubility of Cytochrome Oxidase 


Time of grinding 

0.15 cc. oxidase suspension 
i (Ist extract) j 

O.IS cc. oxidase solution 
(after high speed centri- 
fugation) 

Fraction of oxidase 
in solution 

1 Oxygen uptatc in IS min- ^ 

hrj. 

c.nnt. 

[ c.fnm. 

per cent 

1 

40 

10.5 

26 

5 

89 1 

i 41.5 

47 

12 

102 

i SI 

60 


intensity have previously been used successfully in breaking up larger 
molecules into smaller components. Starch has been depolymerized to 
dextrin (8), hemocyanin molecules were irreversibl}' split into fragments 
of one-haK and one-eighth of their ori^nal weight (9), and polj'styrene 
■nith a molecular weight of 850,000 has been decomposed into particles 
of one-thirtieth of its original size (10). 

The studies of Chambers and coworkers (11) merit particular mention 
among investigations dealing with sonic treatment of proteins and en- 
zjmes. French (12) produced complete Ij'sis of photosynthetic bacteria bj' 
appljing supersonic \ibrations. Although photosj-nthetic acthity is not 
preserved after such treatment, the liberation of a water-soluble protein- 
chlorophyll-carotinoid compound with unaltered optical properties should 
be of importance in future studies on photosynthesis. 

Only negative results have been obtained in previous attempts to employ 
some methods in the preparation of en^-mes. Pero.xidase in milk, catalase 
m blood (13), and polyphenol oxidase in fruit extracts (14) arc rapidly 



48G 


CVTOCriROMB OXIDAHK 


inactivated. When sonic radiation wn.s used for exirnction of f(+)- 
alanine oxidase (15), onlj' a ^’cr}' small 3 'icld was obtained, probably also 
due to inactivation of the cnzj’inc. It .sccm.s, therefore, that this method 
has been limited until now to substanco.s more stable than enzymes. The 
effects of ultrasound on the protein arc accompaiiied by sccondarj’ effects 
due to the transfonnation of sound cnergj' into heat by the solvent. In 
the construction of the ultrasonic oscillator, provisions were made to 
control such secondarj' effects. rVs a result, this method proved to be a 
useful tool in splitting and dissolving the native c 3 'tochromc oxidase. 



Fig. 3. Equipment for ultrasonic irradiation of the ensyme. A = air chamber, 
B — cellophane membrane O.OS mm. in thickness, C — quartz cri'stal 41 mm. in 
diameter, Z) = porcelain insulator, E = enzyme solution, F — tin-foil, G — cello- 
phane membrane 0.04 mm. in thickness, Th = thermometer. 

Ultrasound waves were produced b}' a piezoelectric quartz oscillator (16); 
a diagrammatic sketch of the apparatus is gi\’^en in Fig. 3. 

The quartz plate serving as the oscillator had been cut to correspond to 
! resonant frequenc 3 ’^ of 360,000 C 3 ’’cles per second (A. T. cut) (17). B 3 ’’ 
mounting the quartz plate on a cellophane membrane an air cushion is 
created wliich decreases damping of the vibrating cr 3 'stal and which, in 
addition, will reflect all of the sound energ}’’ in the desired direction (18). 
The connection of the crystal with the electrical circuit consists of a sheet 
of tin-foil on the bottom and of a brass ling with bronze springs on top of 
the quartz plate. The power for the excitation of the piezoelectric crystal 
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is supplied by a higb frequency generator "whicb essentially comprises a 
transformer, a high voltage rectifier, and a Hartley oscillator.^ With 
a high frequency peak voltage of 5800 volts the high frequency current 
passing through the oscillating crystal amoimts to 0.34 ampere and about 
45 vatts of ultrasonic energy are emitted. The sound waves are propa- 
gated in a vertical direction into the reaction vessel. The enzyme solution 
is exposed to ultrasound in a glass tube which is closed at the bottom by a 
cellophane membrane which is impervious to water. Reaction vessel and 
oscillator are inamersed in an oil bath which can be cooled eflSciently by a 
refrigerator unit circulating alcohol at —20° through the copper coil, as 
indicated. The entire unit is mounted inside a closed container to prevent 
condensation of moisture on the cooling coil. The temperature in the 
reaction vessel is measured with an alcohol thermometer; a mercury ther- 
mometer cannot be used because of the formation of a luminous arc inside 

Table IV 


Effect of Ultrasonic Radiation at Different Hydrogen Ion Concentration 


pH 

1 Fraction of oxidase dissolved 

Inactis-ation by 
ultrasound 

Before irradiation 

1 After irradiation \ 

1 

fer uni 

^er cent 

per cent 

6.5 

12 

38 

32 

7.0 

15 

41 

30 

8.2 

48 

77 

28 

9.5 

47 

80 

54 


the capUlaiy due to the influence of ultrasound. After a concentrated 
suspension of the enzyme has been exposed to ultrasonic radiation, it is 
diluted and centrifuged for 100 minutes at 0° with a gravitational force 
corresponding to about 10,000 times gravity. The amount of dissolved 
oxidase is determined by measuring the enzymatic activity in the resulting 
supernatant solution. A number of experiments were performed \mder 
various conditions in order to establish optimum conditions for the appli- 
cation of ultrasound. The influence of the hydrogen ion concentration on 
the solubility of the oxidase was measured before and after exposure to 
ultrasound at 21°. The results are summarized in Table IV where it is 
demonstrated that throughout the pH region investigated a considerable 
fraction of the oxidase can be brought into solution as a result of ultrasonic 
treatment. This fact is brought out even more strikingly in an experiment 
to be described in detail later. 

author is indebted to Dr. Gerhart K. Groetzinger for valuable advice in 
deigning the electrical equipment and to Mr. Romuald Ficnerahi for cutting the 
piezoelectric crystal. 
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Ultrasound waves apj)arcnlly exert Iheir dissolving e/fccl by splitting 
of larger particles into smaller units; that is, fragments too small to undergo 
sedimentation under these conditions. Disintegration of the particles 
by ultrasound could be achieved only by simultaneously applying elevated 
temperature. The effect of sound waves as a function of temperature is 
demonstrated by the data presented in '^I'able V. 

The results of Table V indicate that at low temperatures the action of 
ultrasound is negligible, whereas the .same energj' when applied at a .slightly 
elevated temperature is suflicient to split the enzyme complex. The ob- 
served inactivation at higher temperature is again a function of the joint 


'i’Ani.r, V 

Effect of Ultrasonic Radiation at Different Temperatures (pH 7.70) 


1 

Treatment for I hr. I 

Temperature ] 

Fraction of 
! oxi<!a!ie (lissolvctl 

1 Inactivation by 
i ultrasound 

i 

Without radiation 

Radiation 

II 

II 

Without radiation 

Crttiut 

0 

i 15 

21 

32 

32 

cent 

1 .1.5 

5S 

i 77 

1 "5 

1 

i ffr UHt 

1 

17 

28 

50 

.4 




Table VI 


Effect of Ultrasonic Radiation in Atmosphere of Oxygen or E'itrogcn 


Treatment 

Gas phase 

Fraction of oxidase 
dissolved 



Without radiation 


1 per cent 

23 

1 hr. radiation at 32“ 

Nitrogen 

62 

1 “ " “ .q2° 

O.vygcn 

72 


action of ultrasound and temperature. Incubation at liigher temperature 
without simultaneous irradiation neither dissolves nor inactivates the 
oxidase. The influence of an atmosphere of nitrogen or oxygen, during 
sonic radiation, was investigated by exposing an enzyme solution to ultra- 
sound for 1 hour at 32° and pH 8.1. To demonstrate more clearlj' the 
dissolving action of ultrasound, enzjTOe Preparation C which originally 
contained only a small fraction of oxidase in solution was used here. The 
results appear in Table VI. 

Tank nitrogen was used throughout this experiment and no attempt was 
made to remove possible traces of oxygen, but, in any case, ultrasound 
seems to be slightly more effective in the presence of oxygen. 
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Experimenls with High Speed Centrifuge — ^The amount of oxidase dis- 
solved under different conditions of autolj’sis or ultrasonic radiation is 
determined bj’ measuring the enzymatic activity which remains in the 
clear supernatant fluid obtained after high speed centrifugation - at 0°. 
The motor-driven centrifuge is of the Beams type in which celluloid test- 
tubes are mounted in the rotor at an angle of 20° with the axis of rotation. 
The experiment, summarized in Table VII, was designed to test the in- 
fluence of ^Tscosity on the rate of sedimentation. The enz^'me solution 
had been irradiated uith ultrasound and was then diluted so that different 
concentrations of protein were present in the solution containing 0.01 m 
ammonium buffer of pH 8.2. 


Table VII 


Sedimentation at Various Protein Concentrations after Centrifugation for 90 Minutes 

at 10,000 X g 



Protein concentration 

Activity in supernatant solution 


Pef cc. 

Per cent 


7.5 

90 


1.5 

77 


Table VIII 

Sedimentation at Various Velocities and Lengths of Time; Protein, 9 Mg. per Cc. 



Centrifugation 

Activity in supernatant 
solution 

45 min., 9,500 g 

per cent 

66 

65 “ 12,000 “. 

65 

— 


The density of the solution evidently is not a limiting factor in the 
sedimentation of the oxidase. This conclusion is supported by another 
experiment in which the protein concentration is kept constant while time 
and velocity of centrifugation are varied (Table VIII). Enzyme Prepara- 
tion B was centrifuged in 0.06 st buffer at pH 7.1 without prerious exposure 
to ultrasound. 

_ In order to indicate the conditions finally adopted for ultrasonic radia- 
, tion, for high speed centrifugation, and for determination of the enzymatic 
activity, a detailed description of an experiment is given. The enzyme 
solution (Preparation C) contains 24 mg. of protein per cc. of 0.05 sr am- 
monium-ammonium chloride buffer of pH 8.1. 10 cc. of this solution are 
exposed to ultrasonic radiation of about 9 w’atts per sq. cm. for 1 hour at 
32 in an atmosphere of o.xygen. Aliquot portions of the solution before 
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and after irradiation are diluted to contain 1.5 mg. of protein per cc. of 
0.003 u buffer. After 2 houns of centrifugation at 0° with a gravitational 
force of about 10,000 g, a water-clear, slightly j-ellow .solution i.s obtained 
which exhibits a fairly pronounced Tyndall effect. The amount of active 
enz3'me in the supernatant solution and in the original suspensions before 
and after ultrasonic radiation is determined as indicated in Table IX. 

The resvdts of Experiments I and III indicate that originally 23 per cent 
of the o.\idn,se was in solution. When Experiments I and IV are com- 
pared, it becomes apparent that after ultrn.sonic irradiation 72 per cent 

Taiim; IX 

Determination of Enzgme Actiriltj 

E.vporimcnt I, cnz 3 ’nie suspen.sion iiiilrontcd; Experimont 11, cnzj’mc suspension 
irradiated with ultrasound; Experiment III, supernntnnl solution ohl.nined .niter 
centrifugation of the untreated cnzj'mc; Experiment IV, supernatant solution ob- 
tained after centrifugation of the irradiated enzj-mc. T, 25°; ga.s phase, nir. 



Erpcriment I 

Eipcrimcnt 11 

Eip^rimcnt 

Itl 

E-tperiment 

IV 


1.60 CO. enzj’mc 

0.65 “ water 

0.25 " 0.5 M phosphate, pH 7.1 

1 .0 mg. cj’tocbrome c 

3.0 “ hj'droquinone 


■ 

> 



O.xygen uptake 


mitt. 

c.mm. 

f.mw. 

— 

c.rtrt. 

5 

26 

27 

WEm 

18.5 

10 

52 

54 


36.5 

15 

77 j 

78 

17.6 

55 

Activity after irradiation, % 




" “ high speed centrifugation, %. . 


23 

72 


of the oxidase has become soluble. From Experiments I and II it can be 
concluded that ultrasonic treatment is feasible here vdthout inactivation, 
whereas in previous experiments with purer enzj'me preparations consider- 
able inactivation took place. It is not an uncommon obserxmtion in 
enzyme chemistrj’^ that in the earlj’- stages of purification an enzj'me may 
withstand a much more severe treatment than in its purified form. 

The dissolving action of ultrasound can be estimated bj"^ visual e.xaniina- 
tion of the oxidase solution, preferablj’’ after centrifugation. A photo- 
graph of two centrifuge tubes taken after 2 horn's of spinning in a field cor- 
responding to 10,000 g demonstrates this point (Fig. 4). 

While the amount of precipitate is considerably reduced bj”^ irradiation. 
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Tig. 4. Tube 1, enz 3 Tne untreated, enzymatic activity of supernatant = 23 per 
cent; Tube 2, enzyme exposed to ultrasound, enzymatic activity of supernatant = 
72 per cent. 



— UIKUTE5 

Fig. 5. Inhibition by carbon monoxide and the action of light (oxj'gen con- 
sumpUon catalyzed by the soluble oxidase). Curve 1 , oxygen uptake in Oj; Curve 
I oxjgen uptake in 5 per cent Oj + 95 per cent CO. Light source, 500 watt projec- 
lamp (light beam passed through a heat-absorbing filter); temperature, 20°. 
t.bO cc. of oxidase solution (as in Experiment IV, Table IX); 0.45 cc. of water; 0.25 
rc. of 0.5 M phosphate, pH 7.1; 1.0 mg. of cytochrome c; 3.0 mg. of hydroquinone. 

the enzymatic activity of the clear supernatant increases 3 times. Here- 
o ore, cytochrome oxidase preparations were thought to consist of very- 
nely divided suspensions of muscle tissue (2) which could be precipitated 
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by comparativoly weak gravitational fiolds. 'I’lio oxirla.^o as prepared here 
can be obtained as a clear solution and does not. sediment after 2 hours of 
centrifugation in a field corresponding to 10,000 tj. The Tyndall effect 
of the enzyme solution seems to indicate the i>resence of large molecules, 
but a comparison of Stem’s ultracenlrifugal data (19) with results pre- 
sented in Fig. 4 suggests that in our ca.se the i)articles have undergone a 
considerable diminution in size owing to autolysis and ultrasonic treatment. 

IForf)Hr( 7 ’s Oxiigm-Transfrning Enzyme — Warburg’s cl.assical method 
(20) of determining the o.xygen-transforring enzyme in living cell.? ha.s 
been applied here to demonstrate its presence in the clear oxida.so solution 
obtained after ultrasonic radiation and high speed centrifugation. In the 
following c.xpcriment. it is shown that the o.xygcn consumption can be 
inhibited by carbon monoxide and that the inhibition is completely re- 
leased b}' visible light (Fig. 5). 

The result of this experiment proves that the enzyme in solution responds 
to carbon monoxide and light in the -same way ns it does when attached 
to the structure of the living cell. This indic.ates that the enzyme present in 
solution is identical with Warburg’s oxygon-transmitting enzyme. 

SUMMARY 

1. With a modified i.solation procedure a cytochrome oxidase preparation 
has been obtained from heart mu.sclc with 15 times better yield and with 
6 times higher activity per unit of dm weight than pre\'iously described. 
The resulting enzyme preparation can be stored under suitable conditions 
for more than 4 weeks without ai>preci.able lo.«s in activity. 

2. The analytical method has been improved, so as to eliminate inactiva- 
tion of the enzyme during the determination of cytochrome oxidase ac- 
tivity. Furthermore, no reaction will take place in the absence of the 
enzjmie and consequently the determination of blank rates has become 
superfluous. 

3. The effect of mechanical disintegration of the tissue on yield and solu- 
bility of the oxidase has been investigated and it has been shown that b}’ 
a combination of mechanical decomposition with autolysis and ultrasoniv. 
radiation a soluble cytochrome oxidase preparation can be obtained. 

4. The construction of a piezoelectric ultrasound generator is described. 
A studj'' of the effect of ultrasound on the solubility of cytochrome oxidase 
led to the establishment of optimum conditions for ultrasonic treatment of 
the cnz 3 ’^me. In consideration of the results with cytochrome oxidase the 
utilization of ultrasound waves as a future method in cnzj'me chemistry 
seems promising. 

5. The solubility of cytochrome oxidase has been investigated under 
various conditions bj'' high speed centrifugation. It was found that the. 
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enzjTnatic acthity remains in the clear supernatant solution even after 
2 hours of centrifugation in a field corresponding to 10,000 times gra\dty. 

6. The presence of Warburg’s oxj’gen-transferring enzjTne in the clear 
solution and its participation in the enzymatic oxidation of cytochrome 
have been demonstrated by inhibition of the reaction with carbon monoxide 
and reversal of the inhibition by light. 

I should like to express mj’ thanks to Professor T. R. Hogness, who is 
now on leave for government service, for his continued interest and en- 
couragement in the course of this work. We are particularly indebted to 
the Rockefeller Foundation for financial support which has made this work 
possible. 
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1MPR0^^D MICROMETER BURETTE 


By P. F. SCHOLANDER, G. A. EDWARDS, akd LAURENCE IRVING 
(From the Edtcard Marlin Biological lAthoralory, Swarthmore College, Stoarihmore) 

(Received for publication, March 24, 1943) 

The method of directly displacing mercurj’ bj* means of a micrometer 
spindle (1) has proved in practical use to have certain advantages for 
precise measurement of the delivery of small amounts of liquid. Alicro 
volumetric measurements by this method can be made with high accurac3^, 
and the sj’stem has been applied to volumetric measurements of liquids and 
gases in several new micro anahdical procedures (2-5). The micrometer 
method of measurement has likewise been found useful for the accurate 
calibration of micro pipettes and other micro volumetric instruments. In 
the course of making these applications several useful modifications of 
the apparatus and procedure have been developed, and the relative and 
absolute accuracj' of the measurements which can be made has been ex- 
amined. The modifications of form and the accuracj' obtainable In’’ their 
use Mil be deseribed. 

For the calibration of the pipettes and syringes used for the micro- 
estimation of CO in blood (2) it proved convenient to cut the original 
micrometer burette a cm. above the bulb. The instrument to be calibrated 
w-.s then connected verticall3’ with the burette through a stiff piece of 
rubbi.'i- tubing and the solution to be mea.sured was delivered directW into 
the pipette from the bulb of the burette. The convenience of having a 
stmight burette for the calibration of pipettes as well as a deliver3^ burette 
for titration led to the idea of using a standard ba.se with deliver!^ parts 
interchangeabR applicable for calibration or titration. 

By placing a ground joint between the bulb and the spindle chamber, 
as js shown in Fig. 1, the same micrometer and chamber can be used with 
the calibration burette as well as with the deliver3' burette. The joint 
also makes it easier to assemble the instrument and to clean the bulb and 
capillar3'. With this t3’pe of burette, the same measuring instrument is 
used to calibrate pipettes and to measure the amounts delivered during 
titration. It is necessarv' to use all-steel micrometers. 

The construction of the micrometer burette is shown in Fig. 1. On the 
spindle chamber ma3' be fixed a burette (A) for titration, or a burette (R) 
for calibration, or an3' tube in which it is desimble to make a precise volu- 
metric measurement. The volume of the bulb should approximate the 
' olume displaceable b3- the spindle. The tip of the burette ma3' be shaped 
required. For the deliver3^ of water, a Shohl needle tip (6) sen’es e.x- 

495 



496 


IMPROVED MICROMETER BURETTE 


cellently. Before the burette is assembled, a medium heavy grease* is 
applied to the micrometer spindle. A steel disk (Fig. 1, 1), with a center 
punch mark as a recess for the set-screw (5), is connected to the closed end 
of the spindle chamber, and a lightly greased fiber or paper gasket {2) is 
placed against the spindle bearing. In case of a bad fit between spindle 
and bearing, it is best to use a fiber gasket closcl}’’ fitting the spindle. The 
glass spindle chamber is placed in the micrometer and the set-screw tight- 
ened. The spindle is retracted until flush with the face of the bearing, and 
the chamber is then filled ivith mercury through the open socket. It is 



Fig. 1. Micrometer burette. A, assembled titration burette. The burette 
can be furnished with a Shohl needle tip ns indicated. B, delivery burette used in 
calibrating other instruments. 1, steel disk; S, fiber gasket; S, set-screw. The 
clearance of the spindle in the mercury chamber should be made smaller than in- 
dicated in the drawing. 

necessary to remove all air bubbles from the system. Air bubbles ad- 
hering to the walls are removed by touching the bubbles with the tip of a 
fine steel wire and leading them out. Trapping air bubbles at the ground 
joint can be avoided by placing a few drops of water or titration fluid on 
top of the mercury in the socket before inserting the upper part of the 
burette. If necessary, extra mercurj' is drawn in through the tip. The 
spindle chamber should be made as small as it can be convenientlj’’ made to 
clear the spindle. This together with considerate handling makes the 
instrument sufficiently stable to temperature to render a water jacket un- 
necessary. For other details the original paper (1) should be consulted. 

' Nevastane X heavy grease, made by the Keystone Lubricating Company, Phila- 
delphia, has been found to be suitable. 
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Accuracy — ^The full travel of the spindle of metric scale micrometers is 
25 mm., which is marked off in 2500 scale divisions. Each scale division 
can be further divided into five parts by estimation. The accuracy of 
delivery in the micrometer burette has been determined in three ways: 
(o) by the regularity of micrometer scale readings found in successive 
filling between two marks on the burette itself, (6) by weighing a delivered 
amoimt of mercury, (c) by weighing a delivered amount of water. 

For the relative calibration one hair-line was placed on the capMaiy 
of the burette below the bulb and another above the bulb. The volume 
of dry mercury required to fill between the two lines was then determined 
on the micrometer. In the two micrometers tested the discrepancy be- 
tween ten successive readings was not more than 0.2 of the smallest scale 
division, which is as close as one can smely read the meniscus and the 
micrometer. This indicated that repeated displacements of about 0.6 

Table I 

Comparison of Four Sections of Micrometer Spindle by Weight of Mercury Delivered 
(Micrometer, Cenco Wo. 2) 


The values represent mg. of mercury delivered. 


Travel of micrometer spindle 

Marimam 

disaepancy 

JS-JO nun. 

20-15 mm. 

tS-lO mm. 

JO-5 mm. 

2151.0 

m\m 


mSM 

0.7 

2151.5 

B liB 




2151.2 



2151.0 



’Accidental, bad cutting off of last drop of mercury. 


ml. can be made which differ only by 1 part in 10,000. A relative measure 
of the uniformity of the spindle was made by measuring the volume be- 
tween two marks on the capillary, one mark just above the bulb and the 
second on the delivery tip at the same horizontal level as the first. The 
volume between the marks was determined with dry mercury, different 
parts of the micrometer spindle being used. A series of such determina- 
tions showed the micrometer spindle to be uniform over its full length (1). 

A series of determinations was made in which mercury was delivered by 
displacement of different sections of the spindle. For this purpose the 
calibrating burette was used (see Fig. 1, B). The instrument was held at 
a slight angle from the vertical and the mercury drops were caught in a 
weighing bottle as they were displaced by the movement of the spindle. 
With the micrometer set at the mark the mercury protruding from the 
capillary was cut off with a razor blade. Table I shows the comparison 
of four sections, of 5 mm. each, of the micrometer spindle. The relative 
agreement of the sections was within 1 part in 3000. 
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In order to find the absolute amount delivered from the burette, vater 
was delivered into the bottom of a high and narrow ordinaiy specimen vial 
(8 X 40 mm.) through a Shohl type 24 gage needle tip v'hich dipped into 
the water. It was found that no loss of weight b}- evaporation could be 
detected within the time necessary for the weighing operations if the vial 
was only one-si.\th filled, and not handled directl}'. With these precau- 
tions convection due to heat of handling is prevented and the presence of a 

Table II 


Weights of Successive Deliveries of Water with Travel of Micrometer Sjnndlc 

from S5 to S Mm. 


Micrometer 

Water dcHvcrcfl 

^faximum discrcpancj* 

1 

1 1 

m.c. 

1 tTtS. 

f»s. 

Starrett No. 1 

730.2 

736.3 1 

0.2 


730.3 

736.4 1 



736.3 

736.3 



1 736.2 

736.2 



730.3 

736.3 

1 

Ccnco No. 1 

032.5 

032.4 

0.2 


632.4 

632.6 



632.4 

632.5 i 

[ 


632.5 

632.4 

i 

1 

632.5 1 

C32.5 

i 

1 


Table III 

Comparison of Four Sections of 1/16 Inch Drill Hod bij Weight of Mercury Delivered 
The values represent mg. of mercury delivered. 


Travel of micrometer drill rod 

Maximum 

discrepancy 

25-20 mm. 

I 20-15 mm. 

15-10 mm. 

[ lO-S mm. 

134.9 

135.3 

134. S 


0.5 

135.1 

135.0 

134.9 


1 

135.0 

135.0 

134. S 

134.9 



layer of the relativel}’’ heavy water vapor on the surface of the water re- 
tards further evaporation and makes a stopper unnecessaiy. This pro- 
cedure is simpler and quicker than use of cither oil or a stoppered weigliing 
vessel. The vial completel)'^ filled with water showed a loss of 2 mg. per 
5 minutes, whereas the vial only one-sixth filled showed a loss of less than 
0.1 mg. in 5 minutes. Table II shows a series of ten successive determina- 
tions of the weight of water delivered by four-fifths the total capacity of 
the micrometer. The greatest variation (with one exception) in both 
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micrometers was only 1 part in 6000 to 7000, which borders the accuracy 
of reading of the micrometers and the sensitivitj- of the balance. The 
weight of water delivered by the burette divided by the specific grardty of 
the water at that temperature pves the volume delivered by the burette. 

In another series of experiments the micrometer burette was taken apart, 
the micrometer regreased, and the instrument reassembled four times 
altogether. After each reassemblj' the volume of water delivered by 15 
mm. of spindle travel was weighed. These volumes (about 500 c.mm.) 
agreed rvithin 0.3 mg. Thirty smooth deliveries in succession agreed 
■nithin 0.1 mg. After 50 rapid screwings out and in of the micrometer 
plunger the grease finallj” wore out of the bearing and resulted in 1 mg. too 
small delivery out of 500 mg. As the absolute delivery varies within a 
slight amount according to the grea.sing of the spindle, it may be necessaiyy 
for extremely accurate work, to check up once in a while on the absolute 
delivery bj^ weighing. 

Comparing the volume of water delivered with the volume calculated 
from the dimensions of the diy' spindle, we have found a slight discrepancy, 
of the order of from 0.05 to 0.2 per cent. The difference can be attributed 
in part to the thin film of grea.se that follows the spindle in and out of the 
bearing. Another cause proved to be the fact that our low priced microm- 
eters were found to be slightly off standard when measured against a 
standard inch ring. For accurate calibration of the burette, weighing of 
delivered water is simple and the most satisfactorj'. 

It has been possible to make burettes for the accurate deliveiy of much 
smaller amounts by replacing the micrometer spindle with a smaller drill 
rod (4). Table III shows the deliveiy- of mercury- by means of such a 
burette in which a ^ inch drill rod was used in place of the spindle. The 
amount delivered by- 25 mm. movement of the spindle was 38 c.mm. The 
accuracy for 20 mm. travel of the drill rod was 1 part in 1000, and for 
each 5 mm. travel 1 part in 300 (see Table III). Some of this variation 
was due to difficulties in the delimitation of the mercury- drops. 

It would be possible to make special micrometers with spindle diameter 
and scale made so as to deliver directly in c.nun. or decimal fractions 
thereof. 


SUMMARY 

Improvements in the original micro burette are described. The burette 
has interchangeable parts for titration and for the calibration of other 
instruments. It is easier to clean and easier to assemble than the original 
apparatus. The burette delivers the total capacity with an accuracy- of 
1 part in COOO to 7000. 
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THE PIIEPAIIA.TION OF CHORIONIC GONADOTROPIN BY 
CHROMATOGRAPHIC ADSORPTION* 

Bt PHILIP A. KATZMAN, MARCOS GODFRID, C. K. CAIN, and 
EDWARD A. DOISY 

(From the Laboratory of Biological Chemistry, St. Louis University School of Medicine, 

St. Louis) 

(Received for publication, Afarch 29, 1943) 

Although adsorbents of various lands have been employed extensively 
in the preparation and purification of the gonadotropic hormones, the 
chromatographic type of adsorption of these substances has not been re- 
ported. As a matter of fact, this method has been used only to a limited 
extent for the purification of proteins and protein-like substances. 

The method which we have developed is based upon the use of adsorption 
columns in which permutit is the adsorbent.' Permutit has been used in 
tWs. manner by 'iWtehom (2) for the adsorption of nitrogenous bases, 
by Binkley, MacCorquodale, Tha5"er, and Doisy (3) in the isolation of 
vitamin K, and by Potts and Gallagher (4) for the separation of the active 
principles of the posterior lobe of the pituitarj' gland. In 1932, Lejwa 
(5) purified the gonadotropic hormone by shaking urine with permutit 
for 2 hours and then eluting the adsorbed hormone v,ith dilute NHiOH. 
He reported that active crj'stalline material was obtained which assayed 
1000 mouse units per mg. No data were supplied regarding the jdeld. 

Our entire process is conducted in the cold room. We do not know 
that this is necessary' but it was considered advisable in view of the lability 
of the hormone and length of time during which some of the columns were 
in operation. It is possible, however, that the hormone in the adsorbed 
condition may be sufficiently stable to allow the process to be carried out 
at room temperature. Tlus point was not investigated. 

Urine obtained during the first half of pregnancy is chilled, filtered, and 
acidified to pH 3.5 with glacial acetic acid. Adsorption of the hormone 
takes place below pH 4, but verj' little of it is adsorbed at pH 5. If the 
hormone functions as a cation in the ionic exchange, then this indicates 
that pH 4 is below its isoelectric point. Since this is not in agreement with 
the work of other investigators -which places the isoelectric point between 

* For lack of better terminologi’ “chromatographic adsorption” is employed here 
to denote the adsorption on columns of the adsorbent even though the adsorbed 
material possesses no color, 

* The data upon which this paper is based were presented on .April 3, 1942, at the 
Thirty-sixth annual meeting of the American Society of Biological Chemists (1). 
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pH 3 and 3.5, it is possible that some other physical phenomenon is respon- 
sible for the adsorption. 

After acidification, the iirme is filtered to remove the fine precipitate 
which usually forms and the clear filtrate is percolated through a column 
containing perrautit (according to Folin). The bed of the adsorbent must 
be at least 14 to 16 inches deep. If too small an amount is used, there ivill 
be insufficient contact with the permutit and vciy little adsorption Anil 
take place. The rate of percolation maj’’ bo controlled bj' the height of 
the head of urine or by using negative pressure. Adsorption is complete 
when 10 liters of urine per hour arc passed through a column having a 
diameter of 4 inches and containing 2 kilos of jicrmutit. As much as 700 
liters has been run through such a column without diminishing the effect- 
iveness of the adsorption. 

The column is then washed with cold distilled water until the washings 
are neutral and practicall}' colorless. A large amount of color is removed 
by further Avashing AA’ith 76 per cent ethanol followed bj' 76 per cent ethanol 
containing 10 per cent NH^Ac. No actwity is rcmoA^cd bj' this treatment. 

The hormone is then eluted Avith 38 per cent ethanol containing 10 per 
cent NH4Ac. NH4OH maj’’ also be used but it remoA^es more impurities 
than does the acetate. The eluatc is collected in 500 cc. fractions and tlic 
active material is precipitated from the active fractions by increasing the 
ethanol concentration. 

The columns may be used repcatecll}’- after being flushed out first with 
dilute NH4OH until the Avashings arc nearly colorless, then with dilute 
HCl, and finally with distilled AA'uter. Some; of our columns were used 
repeatedly for 2 y(>ai's but Avere finally discarded because the permutit 
particles Avere broken doAvn and became so fine as to impede the jjcrco- 
lation. 

The data in Table I Avhich A\’ere obtained in our jAreliminaiy studies 
shoAV the adsorption of the hormone on the permutit and its elution Avith 
ethanol-NH40H. In most of these experiments in Avhich small columns 
and small Amlumes of urine AA'ere used, the adsorption Avas practically com- 
plete. In one instance in Avhich a A'eiy potent urine Avas used, almost 1.5 
million units Avere adsorbed on 300 gm. of permutit. The elution AA'as 
usually complete. 3 m NH 4OH in about 60 per cent ethanol removed a 
portion of the active material accompanied by a large amount of inert 
material. The remainder of the activity Avas removed in a much purer 
condition bj’^ reducing the alcohol concentration to 38 per cent. The 
active material Avas obtained in poAA’der form by neutralizing the NH4OH 
AAdth acetic acid and increasing the concentration of alcohol until precipi- 
tation occurred. 

It AA'as in this phase of the inA'estigation that Ave discovered that the 
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NH4AC, which was formed from the neutralization of the NII4OH, increases 
the solubility of the hormone in alcohol and is as effective as NH4OH in 
eluting the adsorbed hormone. Since purer products were obtained by 
its use, this reagent was incorporated in the procedure. 

Tabi.e I 


Adsorplton of Chorionic Gonadolropin on Permulil; Elhanol-NHtOH Elution 


Penmiiil 

Volume 

Urine 

Elutrient 

1 


Total activity 
•s 

Per cent 
adsorbed 

Ethanol 

NHj 

Volume 





tf. 

lihrs 

1 ral units 


i per cent 

u 

liters 



0.25 

10 

440,000 

>99 

1 57 

3.0 

1.0 

20 

100 





3.0 

1.0 j 

80 

0.25 

14 

230,000 

96 


3.0 

2.0 

30 

91 





38 

3.0 

1.0 

61 

0..30 

28.5 

193,000 

90 

38 

3.0 

1.1 


100 

0.30 

14.5 

1,450,000 

>97 

62 

3.0 

1.0 

14 

98 





38 

3.0 

1.0 

84 

2.0 

65 

530,000 

98 

42 

1.5 

6.0 


80 

2.0 

60 

396,000 

>95 

38 

3.0 

2.75 

1 

>100 

2.0 

02 

326,000 

>90 

38 

3.0 

4.0 

i 

>100 


Table II 


Adsorption of Chorionic Gonadolropin on Permulil; Elhanol-NHtAc Elution 


Urine 

Elution 

Volume 

Total activity j 

Per cent 
adsorbed 

Volume 

^ Total activity 

Per cent 

1 elutriated 

liters 

rat units 


liters 

rat units 


6.5 

200,000 

>99 

0.4 

190,000 

95 

17 

650,000 

>99 

0.55 

550,000 

1 85 

70 

1 1,650,000 

>99 

3.0 

1,500,000 

90 

135 

6,900,000 

>99 

4.0 

6,340,000 

92 

388 

13,500,000 

>99 

3.0 

12,800,000 

95 

565 

15,000,000 

>99 

3.7 

15,000,000 

100 

716* 

16,000,000 

98.5 

3.0 

10,500,000 

65 

360t 

5,000,000 

96 

4.0 

3,500,000 

70 

440t 

7,500,000 

98 

3.0 

6,500,000 

85 


* HCl used in place of acetic acid, 
t Coarser permutit. 


Table II presents the data concerning the adsorption of the hormone on 
the permutit and its elution with ethanol-NHiAc solutions. WTth the 
exception of the first two instances in which 300 gm. were used, these 
columns contained 2 kilos of permutit. The acti^nty of the urine before 
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and after adsorption was determined by precipitating samples of urine 
with 10 volumes of alcohol and assaying the aqueous solutions of these 
precipitates. Usually the urines before adsorption contained only about 
20,000 rat units- or 10,000 i.u. per liter. 

The adsorption is practically complete even after 716 liters of urine 
containing a total of 16 million rat units have passed through the column. 
It is interesting to note that this is an adsorption of 8000 rat units per gm. 
of permutit mthout an apparent diminution of the efTcctivencss of the 
adsorbent. The elution with the 38 per cent ethanol-10 per cent NH4AC 
solution is usually 85 to 100 per cent complete, the active material being 
distributed through 3 to 4 liters of the eluatc but 70 to 85 per cent is usually 
present in 1 liter. 

In one column in which hydrochloric acid was used in place of acetic 
acid for acidif3’-ing the urine, the jneld Avas not good. Since this column 
had been in operation for 3 months, it is not known whether the poor Aueld 
was due to strong acid or the length of time that the column was used. 
We are inclined to believe it is the former, for we have found that some 
samples of urine show marked loss of activity after acidification with hy- 
drochloric acid. 

In two columns a coarser permutit was used in order to permit a more 
rapid percolation of the urine. While the ,vields in these cases were fairly 
good, the active material was not eluted sharph", being distributed rather 
uniformly through 2 to 3 liters of the eluatc instead of being largely' confined 
to 1 liter as was the case with the regular permutit. 

The hormone in the eluate is fractional!}’- precipitated with ethanol. 
The most potent fractions, accounting for 80 to 95 per cent of the total 
activity of the eluate, are combined and the alcohol concentration raised 
successively in steps of 5 per cent from 60 to 80 per cent ethanol. After 
each addition of alcohol, the precipitate is collected b}'- centrifugation, 
washed with alcohol and acetone, and dried in vacuo. 

The results of such fractionations are shovm in Table III. Occasional!}’' 
the hormone precipitates from an alcohol concentration as low as 65 per 
cent or as high as 80 per cent. The former occurred onl}’ with the eluates 
from the columns containing the coarse permutit. Generally, however, 
the bulk of the activity precipitates rather sharply at 70 or 75 per cent 
ethanol concentration. By this means the bulk of the hormone is collected 
in a single fraction which seldom is less potent than 5000 rat units per mg. 
and the potency may be as high as 16,000 rat units per mg. The combined 
activity of the fractions shoAA’s that little loss is incurred in this fraction- 
ation. 

® Our rat unit is based on the production of vaginal opening together with estrus 
in immature female rats. 1 i.u. is equal to 2 of our rat units. 
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We have not attempted to purify the products ha\dng an activity greater 
than 10,000 rat units per mg. However, the potency of cruder prepara- 
tions may be substantially increased by extraction with ethanol-NH^Ac 
mixtures and precipitation with ethanol. 

As stated above, we have found that the solubilitj^ of the hormone in 
ethanol is increased b}' ammonium acetate, maldng it possible to obtain a 
considerable concentration of the hormone in 80 per cent alcohol. How- 
ever, if the concentration of this salt e.xceeds 20 per cent, some inactivation 
occurs. Because of its solubilit}- in ethanol, ammonium acetate does not 
contaminate the final product. In our experience the most effective puri- 

Table in 

Fractional Precipitation of Eluate with Ethanol 


ConccQtraUos of ethznol 


dS per cent 

70 per cent 

75 per cent 

i 80 per cent 

Total 

recovejy' 

Knt units 

Per cent 

Rat units 

Per cent 

Rat units 

Per cent 

Rat units 

1 Per cent 


per mg. 

activity 

per mg. 

acti%nty 

per mg. 

actiWty 

per mg. 

! activity 









j 

fCT cent 



770 

17 

16,600 

83 



100 



4,500 

80 

3,500 

20 


i 

1 100 



<200 




6000 

110 




<50 


<250 


6000 

80 


<500 


3,000 

26 

8,000 

SO 



106 

3000 

7 

12,500 

80 

2,200 

5 



92 

3300 

3 

11,600 

90 

1,350 

2 


i 

95 

2000 

38 

6,000 

50 

1,000 

6 


1 

94 

3600 

66 

2,450 

28 



i 

i 

93t 


* 15 per cent of activity precipitated by 85 per cent ethanol, 
t From coarse permutit. 


fication is accomplished by extracting the drj' powders successively trith 
the ethanol-NH<Ac mixtures as indicated in Table IV and fractionally pre- 
cipitating the active material in these extracts by graduallj' increasing the 
alcohol concentration. 

In the first columns of Table R'', the potency and quantity of the starting 
materials are given. The subsequent columns show the potency and per- 
centage of the total actudty extracted by each ethanol-ammonium acetate 
mixture. The total actmty recovered is recorded in the last column. 
The bulk of the hormone is usually soluble in 75 and 70 per/cent ethanol 
containing 14 and 10 per cent ammonium acetate, respectively. The pre- 
cipitates from these solutions are considerably more potent than the start- 
ing material and account for the greater part of the actmty. A repetition 
of the procedure with the cruder fractions results in additional pur^cation 
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M'ith practically no loss of activity. The purest preparations contained 
8500 i.u. per mg. by our rat assay procedure and about 8000 i.tr. per mg. 
in the postpartum rabbit b}" Friedman’s method (G). This is about the 
same potency as that reported bj’' Gurin, Bachman, and Wilson (7) for 
their most active preparations. 

One of the obstacles which is encountered in cariying out such interest- 
ing studies as those performed by Gurin, Bachman, and Wilson (7, 8) 
with chorionic gonadotropin is the difficulty of obtaining adequate amounts 
of the liighly purified hormone. The method which is described in this 
report should facilitate work of this nature, because its case of manipula- 

Taiii.u IV 


Purification of Dnj Precipitates hi/ Extraction with Ethanol-NIItAc Mixtures 


Preparation used 

75 per cent 
ethanol, 10 per 
cent NIIiAc 

' 1 

75 per cent | 

1 ethanol. 14 per j 
cent NHiAc I 

70 per cent i 

ethanol, 10 ncr 
cent NIIiAc 

65 per cent 
ethanol. 10 per 
cent NHiAc 

Total 

activ- 

ity 

recov- 

cretl 

Rat units 
per mp. 

Weight 

Rat units 
per mp. 

1 Per 
cent 
activ- 
ity 

1 Rat units 
per mp. 

Per 

cent 

activ- 

ity 

Rat units 
r«r nip. 

Per 

cent 

activ- 

ity 

Rat units 
per mp. 

Per 

cent 

activ- 

ity 


■ill 


■I 







per cent 

1,CG0 



■■ 

7,000 

•10 


•10 

2000 

11 

91 

1,800 

IffiM 






80 

1000 

9 

102 


190 






53 

3300 

50 

107 


30 



8,000 

81 

i 


1000 

8 

92 


60 



16,000 

40 



■1000 

10 

75 





8,000 

25 ! 







55 


G 




73 

4000 

3 

95 






i 

1 


13 





10 



i 

1 



43 j 


1 

87 


tion and effective separation of inert material make it possible to obtain 
highly purified preparations in good yield from ordinaiy pregnancy urine. 

Chorionic gonadotropin loses its activity quite rapidlj' in dilute solution 
and more slowly when it is concentrated. Preliminaiy experiments to 
stabilize solutions of the hormone indicate that MgClj, gelatin, and, par- 
ticularly, serum protein maj' decrease the rate of inactivation. 

Due to more pressing demands upon our time the chemical studies of 
this hormone which were already in progress have been abandoned. It 
may be worth while to apply the chromatographic method to the gonado- 
tropic hormones of castrate urine, pregnant mare serum, and the anterior 
pituitary as well as other plysiologicalty active proteins. The use of 
adsorption columns offeis advantages which arc not inherent in other 
methods of adsorption. 
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STIIOIART 

A new method for the preparation and purification of chorionic gonado- 
tropin of pregnancy urine is described. This method is based on the chro- 
matographic adsorption of the active principle on pennutit and its elution 
with an alcoholic solution of ammonium acetate. The hormone is pre- 
cipitated from the eluate by increasing the concentration of alcohol. 

Since amm onium acetate increases the solubilitj' of the active material 
in alcohol, purification of dr^' preparations may be accomplished b}' ex- 
traction with alcohol-ammonium acetate solutions of varying concentra- 
tions and precipitation bj' increasing the concentration of the alcohol. The 
purest preparations have been found to possess a potenc}- of 8500 i.tj. 
per mg. 

We are indebted to the Theelin Fund administered by the Conunittee 
on Grants for Research of St. Louis University' for financial support and 
to jMiss Corinne Dewes for technical assistance with the assays. 
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THE HATES OF REPLACEMENT OF DEPOT AND 
LIVER FATTY ACIDS IN MICE* 

Bt DeWITT STETTEN, Jk., akd GODFREY F. GRAIL 

(From the Department 0 } Biochemistry, College 0 / Physicians and Surgeons, 
Columbia University, New York) 

(Received for publication, April 1 , 1943) 

In their study of the origin of the fat accumulating in the liver tmder 
various conditions, Barrett, Best, and Ridout (1) have demonstrated that 
when the etiologj" of the fatty liver was inanition, CHCI3 poisoning, or 
administration of anterior pituitarj' extract the major portion of the fat 
coming to the liver arose from the depots. In contrast, they noted that 
when fatty livers developed in mice on a high carbohydrate diet poor in 
lipotropic factors much of the fat that appeared in the livers must have 
arisen from sources other than the depot fat. They concluded that rmder 
these circumstances a portion of the fat appearing in the liver was newly 
synthesized from carbohydrate of the diet. 

The technique employed by these workers was to label the fatty acids of 
the bodies of mice with deuterium by feeding relatively large amounts of 
deuterio fatty acids. VTien this is done, a high concentration of isotope 
soon appears in the fattj* acids of the liver and a relatively lower concentra- 
tion in the fatty acids of the depot fat. Their conclusions are ba.sed on the 
levels to which the deuterium values of the liver fatty acids dropped dming 
the development of fatty liver. There are certain apparent discrepancies 
between their data and those reported for similar e.xperiment.s by Schoen- 
heimer and Rittenberg (2, 3). 

Schoenheimer and Rittenberg have shown that when the fatty acids of 
mice are enriched with isotope by a preliminarj' feeding of deuterio fatty 
acids, and the animals are then placed on a diet of bread crumbs, the deute- 
rium concentration in the bod 3 ' fats drops rapidh'. From obserrmtions of 
the rate at which isotope disappears from the fatty acids of the bodj-, an 
estimate maj' be made of the rate at which the labeled fattj- acids are being 
replaced by unlabeled fatty acids. If the fat content of the animal is con- 
stant, the rate of disappearance of isotope k a fairl 3 ' precise measure of the 
rate of catabolism of fat. If, in addition, the diet is free of fat, this rate is 
also a measure of the rate of S 3 Tithesis of fat. On the basis of such experi- 
ments, Rittenberg and Schoenheimer (3) have arrived at a value of 5 to 9 
da 3 -s for the half life of fatt 3 ' acid molecules in the bod 3 ' of the mouse. The 
implications of this rapid turnover have been discussed b 3 - Schoenheimer (4). 

* This work was carried out with the aid of a grant from the Josiah Macy, Jr., 
Foundation. 
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The data of Barrett, Best, and Ridout (1), on the other hand, seem to 
indicate that under their experimental conditions the fatty acids of the 
depot were replaced at a much slower rate, if at all. In some experiments, 
in which, after a preliminary feeding of deutcrio fatty acid, the animals were 
fasted, no alteration in the isotope concentration in the depot fatty acids 
occurred although the quantity of dcjiot fat dccrea-ccd during the period of 
fasting. This is in accord with the view that fatty acids were being burned 
but not replaced. More difficult to explain is the verj' slow rate of decrease 
in deuterium concentration of the depot fat when, after a similar prclimi- 
narj'^ feeding, the mice were maintained on a high carbohydrate or high 
protein diet. The decreases in deuterium concentration in the depot fat 
obseiwed bj" Barrett, Best, and Ridout in mice after 7 days on a high carbo- 
hydrate diet are from 2.80 to 2.46, from 2.55 to 2.3 1, and from 2.51 to 1.94 
atom per cent D. On a high protein diet the change in isotope concentra- 
tion was even less. Thus, after 1 week, the value had changed from 2.51 
to 2.55 atom per cent D, and in a 2 week experiment, the value dropped 
from 2.05 to 1.88 atom per cent D. The discrepancy becomes apparent 
when it is pointed out that from the results of Rittcnberg and Schoen- 
heimer (3) one might have expected the. isotope concentration to have been 
approximately halved in 1 week. 

It is clear that in the mice of Barrett, Best, and Ridout the isotopic fatty 
acids of their depots were not diluted with newly .synthesized, non-isotopic 
fatty acid. A possible explanation for this failure of synthesis is that the 
diet was lacking in one or more ingredients nece.s.sar 3 ' for optimal fatty acid 
.synthesis. Vitamin Bi was included in the.se diets but no other vitamin B 
supplements are mentioned in their report. The specific need for pj’ridox- 
ine if fatty acids are to be s.ynthesizcd from i^rotein jirecumors has been 
described by McHeiuy and Gavin (5). Quackenbush, Steenbock, and 
Platz (6) have reported that pjuidoxine together with pantothenic acid is 
as important in the diet as thiamine for the .sjmthesis of fat from carbohj'- 
drate. As these supplements were wanting in the diet of Barrett, Best, 
and Ridout, the failure of sjmthesis of new fat by their animals maj’ be 
provisionally ascribed to this deficiencj'. 

To test this hypothesis, adequate amounts of pju-idoxine and pantothenic 
acid, together with nicotinamide and ribofla\'in, were added to a diet veiy 
similar to the high carbolydrate diet of Barrett, Best, and Ridout and the 
rates of disappearance of deuterium from the fatty acids of liver and depot 
fat determined, after the usual preliminary enrichment of these fats with 
isotopic fatty acid. In a second experiment, differing from the first onlj' 
in that choline was withheld from the diet, the same measurements were 
made on another series of mice. It has been suggested that choline is in 
some way concerned with the normal degradation of fatty acids (7), and 
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it was felt that differences between these two experiments might reveal 
the nature of this effect. 


EXPERIMEXT.AE 

The basal diet contained 85 per cent of glucose monohydrate, 6 per cent 
of casein (Labco), 4; per cent of salt mixture (8), and 5 per cent of roughage 
(Celluration*). To each kilo of basal chet were added wheat germ oil 
1.0 gm., \'iosterol 0.1 gm., carotene 0.2 mg., thiamine hydrochloride 5.0 
mg., ribofla\-in 10 mg., pj-ridoxine 10 mg., calcium pantothenate 10 mg., 
and nicotinamide 10 mg. This diet was designated as “mouse diet without 
choline.” To a portion of it 3.0 gm. of choline chloride were added per 
kilo, and this was designated “mouse diet with choline.” Each diet was 
thoroughly homogenized bj' grinding in a ball mill for 24 hours. 

A sample of linseed oil was saponified and the fattj' acids obtained there- 
from esterified vith ethanol. The resulting mixed ethyl esters were re- 
duced with deuterium in the presence of platinum cata^st (9) imtil no 
further uptake of gas occurred. After removal of the catalyst, the product 
was pmified by vacuum distillation. The product was a colorless solid 
at room temperature . Isotope analysis , 10 .0 i; 0 .2 atom per cent excess D . 

Thirtj'-five male mice of an average weight of 15 gm. were placed in 
groups of five in cages and supplied ad libitum with the mouse diet -nith 
choline. After a few days, during which time their weight remained con- 
stant, 7.5 per cent deuterio fattj' acid eth 3 -l esters was incorporated into 
the diet and this mixture was offered to the' mice ad libitum for 5 daj-s. 
During this period the mice gained an average of 1.2 gm. in weight. One 
group of five mice was then killed (Group A), fifteen of the remainder 
retiuned to the mouse diet with choline (Groups B-1, C-1, D-1), and the 
other fifteen animals placed on the mouse diet without choline (Groups 
B-2, C-2, D-2). The weights of the survix-ing animals tended to revert 
to the weights prior to the feeding of fat. The B groups were IdUed 3 
daj-s, the C groups 6 days, and the D groups 9 daj’s after the feeding of 
fattj- esters had been discontinued. 

The feces, together with the spilled food, were collected on traj-s beneath 
the coarse mesh floors of the cages. Thej' were pooled in a fashion indi- 
cated in Table II. 

The animals were killed by asphj-xiation with nitrogen and their gastro- 
intestinal tracts were removed and discarded. From the five animals of 
each group the livers were pooled, and the remaining carcasses were pooled. 
Samples of body water were distilled from the livers (10). The livers and 
carca-cses were hydrolyzed with alcoholic KOH and the fatty acids and 

■ Purchased from the Fisher Scientific Company through Eimer and Amend 
Xen- York. ’ 
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non-saponifiablc matter isolated by mctliods previoiisl}' described ( 11 ). 
Fecal fatty acids were isolated after a .similar liydroly.sis. The hydrolyzed 
mi.\ture was acidified, to decompo.se calcium soap.s, and the product ex- 

TAni.K I 

Weights and Deuterium Concentrations of Depot and Liver I'aitg Acids 
Seven groups of five mice cnch were fed for t> dnys n diet conlnining 7.5 per cent 
deutcrio fatty acid ethyl caters (D = 10.0 atom per cent) and 0.3 per cent choline 
chloride. Group A was then killed and the remaining group.s placed on fat-free 
diets with and without choline, and killed at 3 day intervals, n.s indicated. 


Group 

Basal diet plus 

Time 

Total 

Liver 

wet 

Depot fatly acids 

Liver fatty acid-i 

Botly 

weight 

wei'Kht 

WciKhl 

Weight 


Weicht 

Weight 

I) 




days 

gm. 

xm. 

grt- 

ter 

tent 

ahm 

ter 

eent 


ter 

eent 

liter 

ahrt 

ter 

eent 

atom 

ter 

cent 

A 

Choline -f- 

5 

85.2 

5.52 

8.121 

9.5 



4.2 

0.94 



deutcrio 
fatty esters 











B-1 

Choline 

8 

70. 2 

5.32 

8.316 

10.9 

0.25 

0.223 

4.2 

0.27 


C-1 


11 

76.6 

5. 38 

10.728 


0.24 

0.221 

4.1 

0.17 


D-1 

<1 

14 

76.3 

5.58 

8.240 


0.13 

0.207 

5.3 



B-2 

No choline 

8 

73.7 

5.40 

8.619 

11.7 

0.27 

0.071 

12.2 

0.23 

0.012 

C-2 

H U 

11 

72.1 

4.06 

0.132 

8.5 

0.23 

0.328 

6.6 

0.10 

MOM 

D-2 

ti a 

14 

78,0 

5.50 

9.747 

12.5 

0.14 

0.342 

C.l 

0.09 



Table II 

ircf(i?its and Deuterium Contents of Fecal Fatty Acids 
The feces together with spilled food from the mice in the groups shown in Table I 


were pooled ns indicated, 
deuterium. 

The fatty acids isolated therefrom 

were analyzed for 

From animals of Group 

Days included 

1 Fatly acids 

1 

D 


1 

mg. per mouse per day 

atom per cent 

All 


106 

8.54 

B-1, C-1, D-1 

5- s 

34 

7.80 

C-1, D-1 

8-11 

3 

0.93 

D-1 

11-14 

16 

1.80 

B-2, C-2, D-2 

5- S 

20 

1 6.63 

C-2, D-2 

8-11 

6 

1.31 

D-2 

11-14 

6 

0.41 


tracted with ether. The filtered ethereal solution was washed with water 
and then shaken with aqueous K 2 CO 3 . The alkaline layer was drawn off, 
acidified, and the fatty acids taken up in ether. 

The several fractions were analyzed for deuterium by the falling drop 
procedure (12), and the values obtained are given in Tables I and II. 
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DISCUSSION 

From these data it is apparent that in both series of animals the deu- 
teriiim concentration in the fatty acids of liver as well as depot fat fell off 
rapidlj' with time. Initially the fatty acids of the liver were more than 
twice as rich in isotope as those of the depot fat, but bj’’ the end of the 
experiment the isotope content of the liver fattj' acids had fallen to a value 
significantly below that of the depot fatty acids. 

A better appreciation of the rates of these reactions may be had from 
the evaluation of the first order velocity constant, 

j In ia — In f 
t 

Table III 

Velocity Constants and Half Times of Reactions Investigated 

The reaction velocity constants (first order) have been calculated by the method 
of least squares for the decrease in deuterium concentration in the fatty acids of 
depot and liver. The half time of each reaction has been computed from the velocity 
constant. 


Source of Utty add 

Baaal diet plus 

k 

■ '1 

Depot 

Choline 

0.12 d: 0.02 

dcyj 

6.0 ± 1.0 

H 

No choline 

0.14 ± 0.02 

5.1 ± 0.6 

Liver 

Choline 

0.27 ± 0.02 

2.6 ± 0.2 

H 

No choline 

0.24 ±0.01 

2.8 ± 0.4 


where to is the initial isotope concentration and i is the isotope concentra- 
tion at time t. From k, in turn, the half time U may be calculated. 


The most probable values for k and ti have been calculated by the method 
of least squares for the decrease in isotope concentration in the fatty acids 
of liver and depot fat (Table III). 

In our animals, the isotope concentration in the depot fatty acids was 
halved in 5 to 6 days, a value in good agreement with that reported by 
Rittenberg and Schoenheimer (3), and in marked contrast to the data of 
Barrett, Best, and Ridout (1). As the only important difference between 
our experimental conditions and those of the latter group of workers was 
the more nearly complete ^’itamin B supplement in our diet, it would seem, 
as pointed out by Quackenbush, Steenbock, and Platz (6), that the normal 
conversion of dietary carbohydrate to body fatty acid is not a function 
.specific to thiamine alone, but involves somehow other members of the 
B complex. 
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AVhereas tlic rate of disappearance of isotope from tlie depot fatty acids 
gives a fair i)icturc of the rate of replacement of fatly acid molecules in 
the depot, the same docs not necessarily ajipiy for the liver fattj' acids. 
The total amount of fat in the livers was in all cases much Ic.ss than in the 
depots. Manifestly the "new” fattj' acids ajipcaring in the liver, syn- 
thc.sized from non-isotopic carbohydrate fragments in a medium of body 
water very poor in D«0, were very low in isotojie. However, it is higlily 
probable that some of the fatty acids appearing in the liver came from 
the depot fat and therefore contained deuterium. In so far as this latter 
process took place, it must have retarded the fall in deuterium concentra- 
tion. Therefore it follows that the actual rate of replacement of fatty 
acids in the liver may liavc been much more rapid than was indicated by 
the rate of disappearance of isotope, and that, the time of replacement of 
one-half of the liver fatty acids maj"- be much lc.ss than 2 to 3 daj-s. 

It may be calculated that the actual rate of .synthesis of fatty acids by 
each group of five mice was in the neighborhood of 1 gm. per day. ibs 
tliis is about 4 times as much fattj' acid as was present in the livers of the 
normal animals, if the liver be assumed to be the major site of this sjmthe- 
sis, the half life of a molecule of fatty acid in the liver bceomes a matter of 
hours rather than da 3 ''s. 

Little effect of the presence or absence of added choline in the diet was 
observable. The choline-deficient animals showed a moderate to mild 
degree of fatty liver, but the rates of disappearance of isotope in the depot 
and liver fatty acids wore the same as those in the control animals, within 
the experimental error. Anj' effect due to choline upon the rates of S3mthe- 
sis or degradation of fatt 3 ' acids must have been quite small. 

The dilution of dietai^’' isotopic fatty acid b 3 ’' excreted fatt 3 '- acid in the 
intestine has been studied in the human with and without normal bile 
flow, by Shapiro, Koster, Rittenberg, and Schoenheimer (13). In the 
present experiments the decrease in isotope concentration in the fecal 
fatty acids doubtless resulted from excretion of bod 3 ’' fatt 3 ’- acids into the 
lumen of the intestine, although the quantity of fatt 3 '^ acid excreted per 
mouse per da 3 ’^ on a fat-free diet is very small. It is of interest to note 
that even after 9 days on a fat-free diet the fecal fatty acids are richer in 
isotope than the body fatty acids. As this must be due to residual dietaiy 
fat, it gives some idea of the length of time required effectively to wash 
out a dietary ingredient from the intestinal tract. 

SUMMARY 

After a preliminary enrichment of the bod 3 '- fat of mice with isotopic 
fatty acids, the rate of disappearance of isotope has been studied while 
the animals were on high carbohydrate diets and supplied with all the 
known essential vitamin B supplements, with and without choline. 
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The half life of deuterium in the depot and liver fatt 3 ' acids has been 
calculated as 5 to 6 daj's in the depot fat and 2.6 to 2.8 daj's in the liver. 
It has been pointed out that this latter figure is certainlj' larger than the 
half life of liver fattj* acids. 

The presence or absence of choline had no significant effect on the rates 
of disappearance of deuterium from depot and liver fatty acids. 
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STUDIES ON NICOTINIC ACID DEFICIENCY IN THE CHICK* 
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AKD E. B. HART 

(From the Department of Biochemistry, College of Agriculture, University of 
Wisconsin, Madison) 

(Received for publication, March 29, 1943) 

In a previous report (1) it was demonstrated that chicks receiving puri- 
fied rations low in nicotinic acid grew poorlj’^ and developed a tj^iical chick 
blacktongue. The occurrence of these symptoms was prevented by the 
addition of nicotinic acid to the ration. 

This paper presents further studies on this deficiencj' and gives data on 
the activity of several nicotinic acid esters, as well as studies on the possible 
sjmthesis of nicotinic acid within the chick. 

The experimental procedure and the composition of the basal ration 
havm been reported (1). Briefl}', the nicotinic acid-deficient ration is 
composed of purified casein, gelatin, dextrin, salts, soy bean oil, cystine, 
crj'stalline vitamins (except nicotinic acid), vitamins A and D, and con- 
centrates of biotin and the unknown vitamins. The nicotinic acid content 
of this basal ration varied between 0.2 and 0.3 mg. per 100 gm. Day-old 
white Leghorn chicks were used throughout. 

Nicotinic acid assays were made according to the method of Snell and 
Wright (2). The tissues were prepared bj' autoclaving at 15 pounds for 
5 hour with 1 x sodium hydroxide. The nicotinic acid content of the 
whole chick was determined by hydrolyzing the entire animal in boiling 
10 per cent potassium hydroxide (alcoholic) for 45 minutes and analyzing 
a representative aUquot. CoenzjTne I analj'ses were made bj^ the method 
of Axelrod and Elvehjem (3). 

Results 

Growth Results (See Table I ) — In confirmation of previous results, chicks 
receiving the basal ration (Group 1) showed a slow rate of growth (Column 

* Published with the approval of the Director of the Wisconsin .\gricultural 
Experiment Station. Supported in part by grants from the Wisconsin .\lumni 
Research Foundation and Swift and Company. 

We are indebted to Merck and Company, Inc., Rahway, Isew Jerse 3 ', for the 
crystalline vitamins; to The Wilson Laboratories, Chicago, for solubilized liver 
Giver Fraction L); to Wilson and Companj-, Inc., Chicago, for gelatin; to .Allied 
Mills, Inc., Peoria, Illinois, for 805 - bean oil; and to Dr. A. D. Welch, Sharp and 
Dohme, Inc., Glenolden, Pennsj-lvania, for the sulfasuxidine. 

Y e are grateful to Miss Eleanor G. Anderson for the coenzjune I analj'sis and to 
Mr. Y’illard A. Krehl for the preparation of the nicotinic acid esters. 
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Tahlk I 


Effect of Diet on Growth of Chicks and on Nicotinic Acid Content of Chick Tissues* 
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from individual analyses of tissues of three chicks and those given in Columns 7 
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3) and chick blacktongue (Column 4). T\Tien 1.5 mg. of nicotinic acid 
per 100 gm. were added to the ration, nearl 5 ' maximum gro\\-th was ob- 
tained, while a higher level, 10 mg. per 100 gm., gave only slightly better 
growth. Fig. 1 shows representative chicks with and without nico- 
tinic acid. 

Sulfasu-xidine (succinyl sulfathiazole), known to diminish the growth of 
certain intestinal organisms (4), was fed to chicks in Groups 4 and 5 to 
determine whether synthesis of nicotinic acid occurred in the intestine of 
chicks receiving a purified ration. The growth results with this drug, com- 
pared with those without the drug, showed that if intestinal synthesis of 
nicotinic acid does occur onl 3 ' small amounts are produced. 

To determine whether or not larger amounts of nicotinic acid had anj' 
effect on the nicotinic acid content of tissues, a good practical chick starter 
mash (Wisconsin No. 45) was fed with high amounts of this ^dtamin. 
tThis mash contained 7.7 mg. of nicotinic acid per 100 gm. as measured bj’’ 



Fig. 1. Nicotinic acid deficiency in the chick. (Both chicks are the same age; 
the chick on the right did not receive nicotinic acid.) 

the bacterial assaj’.) As far as growth was concerned, additions of nico- 
tinic acid up to 100 mg. per 100 gm. (Groups 6 to 8) caused neither im- 
provement nor detrimental effect. 

The growth obtained bj' feeding ethj-1, propj-l, and butj'l nicotinates 
(Groups 9 to 12) showed that the nicotinic acid activity of these compounds 
increased as the length of the carbon side chain increased. The reason 
for the difference in the activity of the esters cannot be explained from our 
data, but it is possible that the shorter chain esters resisted enzj-matic 
action in the intestine to a greater extent than the longer chain esters. 

Influence of Diet on Nicolinic Acid Content of Tissues — The amount of 
nicotinic acid per gm. of fresh breast muscle and liver taken from the chicks 
that had received the various diets for 4 weeks is shown in Columns 5 
and G, Table I. When 1.5 mg. of nicotinic acid per 100 gm. of ration were 
added, the amount in the breast muscle increased only slightty over that 
obtained with the basal ration. WTien an excess of this vitamin was fed, 
10 mg. per 100 gm. of ration, the amount in the breast muscle was in- 
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creased 15-fold. The amount of nicotinic acid in the lircast muscle of the 
chick.s receiving sulfa.suxidinc (Groups -J and 5) vns .slightly lower than 
that of the corrc.sponding group without the drug (Groups 1 and 2). The 
amount of nicotinic acid in the liver did not increase apirrcciably unless 
high amounts of nicotinic acid were fctl with the practical ration. It 
appears tliat the nicotinic acid content of tlic brca.st muscle incrc.a.scs to a 
saturation point, at which point further storing of nicotinic acid occurs in 
the liver. Dann and Handler (5) have reported nicotinic acid values for 
chicken brca.st muscle and liver which agree closely with the values we 
have obtained for these tissues in tlic normal control groups. These 
normal values may, of coui'sc, be raised or lowered, depending on the nico- 
tinic acid content of the ration. 

The coenz\mie I analj'sis (Column 7) of the breast muscle .showed that 
the concentration of this enzyme, like the nicotinic acid content, was 
markedly influenced by the amount of nicotinic acid available to the tissues. 

To determine the extent of synthc-sis of nicotinic acid occurring within 
the chick, the amount of the vitamin in the entire ■) week-old chick was 
determined (Column 8). This value was compared to the total nicotinic 
acid taken in over the 4 week period plus the amount pre.sent in the day-old 
chick (Column 9) and tiicrcbj- the nicotinic acid balance was determined 
(Column 10). The amount of nicotinic acid in the day-old chick was de- 
termined bj’- analyses of four represent ni ire ehicks. The^' were found to 
contain, on the average, 27.4 y (27.2 to 27.7 y) per gm. of fresh ti.s.suc, or a 
total of 0.9 mg. (0.80 to 0.91 mg.) of nicotinic acid per chick. This total 
value plus the nicotinic acid taken in over the 4 week i)eriod by chicks on 
the basal ration was somewhat smaller than the nicotinic acid content of 
the 4 week-old chick, showing that about 0.9 mg. of nicotinic acid was 
sjmthesized during the e.xpcrimcntal period. This amount of nicotinic 
acid is about one-.sixth of the total amount of nicotinic acid needed in the 
diet for normal growth over a 4 week period. These data, in addition to 
the weight results, give direct evidence that the young chick on purified 
rations can synthesize only a part of its total nicotinic acid requirement. 
The nicotinic acid balance of chicks on the 1.5 mg. level of nicotinic acid 
(Group 2) was slightly negative, showing again that this amount of nico- 
tinic acid is just border line. Chicks in Group 3, rccei\’ing 10 mg. of nico- 
tinic acid per 100 gm., had a balance of —22.4 mg., indicating that at this 
level a large excess of the vitamin was taken in. 

The results obtained with Groups 4 and 5, recei^'ing sulfasuxidine, were 
similar to the results with Groups 1 and 2. It is evident, however, that 
sulfasuxidine retarded .synthesis of nicotinic acid by about 50 per cent. 
(Compare Group 1 with Group 4, Column 10.) The results from the 
chicks on the practical rations showed that regardless of how much nico- 
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tinic acid was in the diet the content of the whole chick appeared to reach 
a saturation point above which excess nicotinic acid was largelj' excreted. 

Other Results — Since our last report, we have noticed in our nicotinic 
acid-deficient groups a dermatitis occurring in spite of ample pantothenic 
acid and biotin in the ration. The dermatitis first appeared on the upper 
part of the feet and on the legs after the chicks had been on the diet for 2 
to 3 weeks. About 40 per cent of the birds on the basal ration has been so 
affected. Some (eight out of thirty) of the chicks receiving the esters of 
nicotinic acid at low levels (Groups 9, 11, and 12) had a severe dermatitis 
not only of the feet and legs but over the entire body, especially under the 
wings, where large hard scales were formed (see Fig. 2). Since the chicks 
in Group 10 which received a high amount of ethyl nicotinate did not have 



Fig. 2. Nicotinic acid ester studies. Note the dermatitis of the feet and legs 
of the bird on the left (from Group 9) and the severe dermatitis on the skin under 
the wing of the bird on the right (from Group 11). 

the dermatitis, it was concluded that this condition could not be due to a 
toxicit 3 ’^ of the esters. 

The occurrence of some perosLs in the nicotinic acid-deficient chicks 
(six out of nineteen) suggested that nicotinic acid mav be another factor 
necessarj' for the prevention of this condition, since the control group, re- 
ceiving the nicotinic acid, had no perosis. There was no correlation be- 
tween the occurrence of the perosis and the dermatiti.s mentioned in the 
preceding paragraph. Other sj’mptoms seen in chicks receiving the ba.sal 
ration were slow feather development and a decrease in food consumption. 

DISCUSSION' 

Since the discoveiy that nicotinic acid was neces.sarj' for the cure and 
prevention of canine blacktongue and human pellagra, there has been a 
great deal of work on the measurement of this vitamin in all tjiies of food- 
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stufTs. There is need for a good animal assay to corroborate the shorter 
and more effioient microbiological and chemical assays. For this reason 
we suggest the use of the chick ns a possible assay animal and we have 
found (unpublished data) that this animal may be used for this purpose 
to advantage. 

The reason the dermatitis which occurred in chicks receiving low 
levels of the nicotinic acid estei’s was more severe than the dermatitis in 
chicks on the basal ration is not 3 ’et clear. It ma_v be a matter of cfTective 
nicotinic acid levels or it is possible that since nicotinic acid was low within 
the tissues the unhvdrol.yzed esters were used in making a coenzyme I- 
likc substance which caused the blocking of certain true cocnzj'mc I re- 
actions. 

The question arises whether or not the finding tliat chick.s on purified 
rations require a dietarv source of nicotinic acid is of an,v practical value 
as far as the commercial feeding of poult rv is concerned. As j'et we can- 
not full.v answer this question, but it would seem that since the minimum 
requirement is small compared to the amounts found in most foodstuffs 
a deficiency of nicotinic acid would be rare in chicks receiving an average 
ration. It is entirely possible, however, that such a deficiency could exist 
along with a deficionc.v of other vitamins of the B complex in chicks re- 
ceiving a poorly balanced ration, provided the .synthesis of nicotinic acid 
within the body of the chick is as low as it is on purified rations. 

suMMAny 

1. The .young chick, when fed purified rations, requires a dictarj' source 
of nicotinic acid for the prevention of chick blacktongue and for optimal 
growth. Other deficicnej'- sjmiptoms are a decreased food consumption, 
a marked lowering of the nicotinic acid and cocnzj'me I content of breast 
muscle, poor feather development, and occasionallj’’ perosis or scalj' der- 
matitis. 

2. Chicks receiving the basal ration s.vnthesized about one-sixth of their 
total nicotinic acid requirement. 

3. Several esters of nicotinic acid were found to have partial nicotinic 
acid activity which varied with the length of the carbon side chain. 
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OBSERVATIONS ON THE METABOLISM OF ACETOIN 

By W. W. WESTERFELD and ROBERT L. BERG 
{From the Department of Biological Chemistry, Harvard Medical School, Boston) 

(Received for publication, March 20, 1943) 

The occurrence' of an enzjme in mammalian tissues which converts 
pyruvate to acetoin (1) is presumptive evidence that acetoin is a normal 
intermediate in earbohj’drate metabolism. Its normal occurrence in blood 
(2, 3) and urine (4, 6) supports this view. Indirect evidence has further 
indicated that acetoin maj' also be an intermediate in the metabolism of 
ethyl alcohol (6). These considerations made it desirable to stud}* various 
metabolic relationships of acetoin in the intact animal. 

Acetoin has not been studied extensivelj' in animals. Neuberg and 
Gottschalk (7) observ^ed that onlj' a small amount of the acetoin adminis- 
tered to rabbits was excreted unchanged, and Greenberg (8) has recently 
measured its rate of disappearance from the blood of dogs. An extensive 
literature on acetoin has appeared in connection with bacterial metabolism 
(9, 10), and on the existence of acetoin-forming enzymes in yeasts, molds, 
plants, and other tissues (1, 11-13). It has attained some importance in 
butter and bread manufacture, in which the desirable flavor and aroma are 
in part due to acetoin and biacetyl. 

The results of the present study have shoum that acetoin is innocuous 
in moderate doses, but when given in very large amounts to rats, it causes 
imconsciousncss and death. When given to a dog, it is excreted in part as 
2,3-butylene glycol; the major part of a given dose disappears, and is 
presumably further metabolized. It is not converted to liver glycogen. 

EXPERIMENTAL 

Urinary Excretion 

All of the excretion studies were carried out on a 22 kilo male dog. 
Acetoin and 2,3-butylene glycol were given either orally in a 3 to 4 per 
cent solution or subcutaneously in a 20 per cent solution, and multiple 
doses were spaced equally throughout each day of administration. The 
urine was collected under toluene from the beginning of the administration 
period until about 40 hours after the last administration, and was kept at 
4 during the few days required to complete the eollection and the anal 3 'ses. 
The aceto'm was obtained* as the polymer (14, 15), which apparently 

* The acetoin and 2,3-butylene glycol used in these studies were obtained from the 
Lucidol Corporation, Buffalo. 
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reverts to an optically inactive monomolccular form in aqueous solution 
(15, IG). During a 2 month jjcriocl, tl»c dog received a total of 78 gm. of 
acetoin, 32 gm. of 2,3-butylcnc gb'col, and 2‘1 gm. of biacctyl without show- 
ing any symptoms or pathological effcct.s. 

2,3-Butylcnc glycol was determined in the urine by the periodate oxida- 
tion method of Brockman and Werkman (17), c.xccpt tliat the acetaldehyde 
so produced was trapped in bisulfite and determined by tlie usual iodometric 
proeedure (IS); each ce. of 0.1 n iodine was equivalent to 2.25 mg. of 2,3- 
butylene glycol. A blank was similarly determined by omitting the per- 
iodate from the reaction mixture. Bound or conjugated glycol was de- 
termined bj' difTcrcncc after a sample of the urine had been hydrolyzed by 
refluxing 1 hour Avith one-tenth its volume of concentrated IICl. Controls 
showed (a) complete rccoveiy from urine of added glycol, (5) stability of 
glycol to the hydrolysis procedure, (c) non-interference by biacctyl, and (d) 
a quantitative splitting of acetoin by periodate which yielded 1 mole of 
acetaldehy^de for each mole of acetoin; the glycol \'alucs were corrected 
for the acetoin present after the latter had been determined bj' the Lc- 
moigne-Van Niel procedure as described by Stably and Werkman (19). 
In this latter method, the ferric chloride oxidation could not be carried out 
directly on the urine, but good recoveries of added acetoin could be ob- 
tained by a preliminary distillation of the acetoin from the urine. 

All of the experimental urines contained no detectable amount of biacctyl 
when tested by direct distillation into the hy'droxylaminc reagent. Al- 
though this method gave A'aciable and inadequate recoveries of biacetyl 
added to urine, the results were significant in indicating the excretion of 
negligible amounts of biacetjd. Tlus was confirmed by the I'^oges-Pros- 
kauer reaction (20) carried out. on serial dilutions of the urine. 

Results 

The urine normally excreted by'^ the dog without acetoin administration 
contained 3.3 mg. of 2,3-butylene glycol per 100 cc. (averaging 13 mg. per 
24 hours) ; the amounts of acetoin and biacctyl present rvcrc too small to be 
detected by the methods employed. The results obtained after adminis- 
tration of acetoin and 2,3-butylene glycol arc summarized in Table I. 

Acetoin given either subcutaneously or orally' was not excreted to any' 
appreciable extent in the urine; the major excretion product was 2,3- 
butylene glycol. The percentage of the dose excreted as the gly'col varied 
from 5 to 25 per cent, and rougldy paralleled the rate of “flooding” the 
animal. The major part of the acetoin wns further metabolized. The 
equilibrium in the body between acetoin and the glycol seems to be greatly' 
in favor of the gly'col (2). The increased urinaiy gly'col obtained after 
acid hy'droly'sis was small (3.5 to 8.5 per cent of that excreted, or about 1.3 
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per cent of the dose given), indicating little conjugation; it should be 
noted, however, that the glycol determination involved a distillation from 
strong sodium carbonate, which might have split any conjugated products 
in the non-hj'drolj'zed urine. 

The glj'col excreted after acetoin a dmin istration was identified as the 
phenylurethrane. 200 cc, of urine were hydrolj’zed, saturated with NaCl, 
and extracted with ether. The dried ether-soluble residue w'as boiled 
rrith phenyl isocyanate, and the phenjdurethane was cr 3 'stallized several 
times from hot benzene to give white needles, m.p. 189-191°; the mixed 
melting point mth the phenylurethane of 2,3-butylene glycol (m.p. 192- 
193°) was 190-193°. The glycol was further established by oxidation with 


Table I 

Urinary Excretion after Administration of Acetoin and £,S-Butylene Glycol 







Total urinary excretion 

Substance administered 

Mode of 
aomimsUation 

Days of 
admini* 
Istration 

No. of 
doses 

Total 

adminis- 

tered 

Acetoin 

2,3- 

Butj'lene 

glycol 

2.3- 

Butylene 
glycol 
after hy- 
drolysis 

Acetoin 

Subcutaneous 

3 

15 

fm. 

26.1 ; 


gm. 

4.446 

gm. 

4.866 

{( 



1 

26.46 


6.542 

6.838 

(( 

tt 

3 

mm 

9.8 

0 

0.475 



Oral 

2 

6 

15.75 

0.019 

2.454 

2.564 

2,3-Bulylene glycol 

Subcutaneous 

2 

8 

16.0 

0.012 

1.882 


tl tt 

Oral 

2 

8 

16.0 

0 


2.236 


bromine to acetoin (4), and the acetaldehyde produced in the glycol deter- 
mination was also identified as the 2,4-dinitrophenylhydrazone derivative. 

Administration of the glycol gave no biacetyl and little or no acetoin 
in the urine; 12 to 14 per cent of the dose was excreted unchanged, except 
that 3.5 to 10 per cent of the excreted glycol was conjugated. The major 
part of the glycol was thus metabolized to some form other than these 
related compounds. The completeness of excretion during the 40 hours 
following the last dose administered was checked by collecting the next 
24 hour urine sample. Tins contained the normal amount of 2,3-butylene 
glycol. 


Liver Glycogen Formalion 

Studies (21, 22) have shown that the compounds produced as intermedi- 
ates in the breakdown of glj'cogen to pjTuvic acid can be reconverted to 
liver glycogen in the intact animal. It is possible that pyruvic acid is 











520 


METAnOIJR.M or ACKTOI.V 


a i)ivotal point in tliis jjroccss in ilie sense tlint (locarbo.\ 3 -lntion leads to 
products no longer capable of reconvei-sion to livfT glycogen. There is no 
evidence that acetaldehyde is normalK' produced from pyruvate in animal 
tissues, and it is improbable that acetaldeh.vde can be converted to liver 
glycogen. It doc.s not give rise to glucof;c in phlorhizinizcd dogs (23), 
and the mctabolicall^’ related ctlyyl alcohol (2-1, 25) and acetic acid (20) 
do not give rise to liver glj'cogen in fasted animals. The present study 
shows that acetoin likewise is not converted to liver gl.vcogcn. 

it/W/iof/.s 

Liver glycogen was determined lyy the method of Clood, Kramer, and 
Somog 3 'i (27), except that h 3 ’drol 3 ’sis was carried out in 5 x II:S 04 (28); 
sugar was estimated b 3 ’ the method of Folin and Wu (29). In all the experi- 
ments, the rats were fasted 24 houi-s, and the acetoin then fed by stomach 
tube. In the 2^ hour experiment, a single dose of 150 mg. of acetoin 
(in 1 cc. of water) per 100 gm. of bod 3 ' weight was fed at the start of the 
experiment, and the livci's anal 3 ’zcd at the end of 21 houre. In the G 
hour experiment, 200 mg. of acetoin wore fed to eaeh rat every 2 hours 
(three feedings), and the liver-s were anal 3 'zcd C hours after the initial feed- 
ing. In the 12 hour experiment, 200 mg. of acetoin were fed each rat at 21 
hour intervals (total of five feedings), and the liver-s analyzed 12 hour-s after 
the initial feeding. In all cases the livers wer-e removed under amytal 
anesthesia. 

The fasted controls wer-e r-un simultaneously with the 21 hour acetoin 
experiment, the contr-ols r eceiving an equal vohtrnc of water In' stomach 
tube. With all of the acetoin experiments, a lactate control was i-un 
simultaneousl 3 ' and idcnticall 3 '’ except that lactate was fed instead of 
acetoin. 


Results 

The results (Table II) were unequivocall 3 ' negative. In all wises, the 
liver gl 3 mogen was so low that none could have been formed from the 
acetoin. The reliabilit 3 ' of the methods was established b 3 ' the lactate 
controls, in wliich mar-ked increases of liver gl3'Cogen were alwa3's obtained. 
Failure of gl 3 mogen deposition was not due to failure of absorption of the 
acetoin, since its presence Avas demonstrated in the blood of rats follon-ing 
oral feeding, and the gl 3 'col AA'as found in the urine of dogs after acetoin 
feeding. 


Toxicity 

The subcutaneous injection of 2 gm. of acetoin in 150 gm. rats resulted 
in death in about 6 hours. After an initial unsteadiness and crouching. 
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the animal fell on its side, with its cyanotic limbs retracted beneath the 
body in a spastic paralysis. The respirator3' movements became irregular, 
comnilsive, and finallj' stopped, while the heart continued to beat for about 
1 minute. T\’hen the injection of 2 gm. of acetoin was made intraperi- 
toneally, the same response developed rapidly, and the animal died within 
10 minutes. 

1 gm. doses of acetoin given either subcutaneously or intraperitoneally 
were followed by a similar response except that the respiratory irregular- 
ities were brief, and tbe animals recovered. 0.5 gm. of acetoin injected 
subcutaneously caused the first paralytic symptoms, followed by rapid 

Table II 

Liver Glycogen in Rais Following Acetoin Feeding 


Acetoin feedinff 

2J hr. cipcriment 1 6 hf. experiment I 12 hr. experiment 


Rat Liver Liv 


ivat L.iver x«ivcr 

weight weight g]ycoggn weight weight 



233 8.64 0.58 190 6.89 2.19 194 7.80 2.20 

157 5.76 1.22 


recovery. 0.5 gm. of acetoin injected mtraperitoneall 3 ’' or 0.25 gm. sub- 
cutaneouslj' had no demonstrable effect. 

Acetoin is much less toxic than aeetaldehj'de (30). 500 mg. per kilo 
of acetaldehyde injected intrap eritoneallj' into rats caused a fatal respira- 
torj' paralysis, while 13 times this amount of acetoin was not lethal. 


SUMMARY 

The oral or subcutaneous administration of acetoin to a dog was followed 
bj’ the urinary excretion of from 5 to 25 per cent of the doses as 2 ,3-butj’lene 
glj’col; onlj' small amounts of acetoin were excreted and no biacetj’l. 12 
to 14 per cent of administered glj’col was excreted unchanged. 
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Administration of ncctoin did not result in an increase in liver glycogen 
in fasted rats. 

2 gm. of acoloin administered subcutaneously or intrapcritoncally to 
150 gm. rats were fatal. Animals recovered from (he effects j)roduccd by 
1 gm. of acetoin, and no crfccls were observed from the administration of 
0.5 gm. intrapcritoncally or 0.25 gin. subcutaneously. 
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THE QUANTITATR^ DETERMINATION OF ATABRINE* IN 
BLOOD AND URINE 

By JOHN M. MASENt 

{From Ihe Division of Chemistry and Physics, Army Medical School, Washington) 

(Received for publication, Februarj' 23, 1943) 

Although several methods for the determination of atabrine in blood 
have been published (1-3), there is a paucity of hterature dealing with 
the relationship between blood concentrations of atabrine and its thera- 
peutic effectiveness. Most of the published methods are based upon the 
extraction of the drug from the blood with an immiscible solvent and the 
comparison of the yeUow color of the extracted atabrine with a series of 
standard solutions containing varying amounts of the atabrine, or upon 
reading the absorption in a photometer, such as the Pulf rich, which has been 
cahbrated with atabrine standards. WhUe with such methods it is possible 
to study the blood concentrations in animals which have been given very large 
dosages or in humans in which tenfporaiil 3 ’ high concentrations maj' be at- 
tained bj' intravenous injection, it is seldom possible in this manner to 
measure, with sufficient accuracjy the concentration attained in the blood 
of an individual on the usual therapeutic dosage. Indeed the concentra- 
tion attained in the blood maj^ be so low that no color is discernible, nor 
can a reading be obtained with the most sensitive photometer. A more 
sensitive method is that of Gentzkow (4), in which the turbidity of atabrine 
produced bj" the addition of Tanret’s reagent is measured in a photoelectric 
turbidimeter. But even with this method a considerable number of 
patients under treatment with the drug will fail to show any of it in the 
blood. 

Gentzkow and Callender (5) found the relapse rate for vivax malaria in 
white American soldiers stationed in Panama and treated vith atabrine 
alone to be 40 per cent. In the Federated Malaj^ States Johnson (6) 
found the relapse rate in Europeans to be about 43 per cent and for Asiatics 
between 5 and 10 per cent when atabrine was used as the sole drug in the 
treatment of malaria. The differences in effect of the drug on malaria 
in different indhnduals have been chieflj' ascribed to such factors as differ- 
ences in the strain of parasites and the immtmity and resistance of the 
infected individual; but it does not seem to the author that the variations 
in concentration which the drug maj- attain in the bodj- have been property 

|Quiuucrine hydrochloride has been adopted as the official U.S.P. XII name for 
this preparation. The term atabrine, however, will be used in this paper to des- 
ignate this product, because this name is more commonly used. 

t Captain, Sanitary Corps, United States Army. 
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stressed, owing perlmj)s to the fact that an adequate study of tliis factor 
lias not been made l)eeause of ttie lack of a sunieiently simple and accurate 
metliod. It would seem tliat with the same dosage of a given drug there 
must be large individual differenees in the eoneentration attained in the 
body, and this has been fountl to be the ease in all drug treatments for 
which accurate simple methods of analysis exist, ns for instance the 
sulfonamides. 

The method to be described is suffieiently accurate anrl simple enough 
to enable a large scale study of the elTeet of blood concentration of atabrinc 
on the treatment of malaria to be made. A single analyst, in the course of 
an 8 hour working day, may perform from 50 to GO analyses. The method, 
which is based upon measuring the fluore.scencc of the atabrinc in a photo- 
electric fluorometer, is highly .sensitive; as little ns 0.1 mg. per liter of 
blood may be measured with an accuracy of 5 to 10 per cent when 5 cc. 
of the blood arc used. For larger amounts the accuracy is correspond- 
ingly increased, the average error being about 2 per cent. 

The principal difficulty in the application of this method has been the 
Reparation of the fluorescent material normally prc.sent in the blood from 
the atabrine fluore.scencc and the prevention of emulsion formation when 
the atabrinc is extracted from the blood by .shaking with immiscible sol- 
vents. A combination of solvents for the extraction of at.abrinc from 
the blood has been devised which overcomes thc.se difficulties in a simple 
manner. In addition, the u.se of .small .separatory funnels, such as are used 
in the determination of thiamine by the thiochromc method (7), was found 
to be of advantage, as thc.so funnels fit in the 50 cc. trunnion cups of the 
ordinary centrifuge, so that a more complete separation of the various 
solvent phases can be obtained b 3 ’- centrifuging, the number of extractions 
required for quantitative recoverv of the dnig being reduced. 

By this method it was possible to recover 97 per cent of the amount of 
atabrine added to blood in comparison to the .same amount added to dis- 
tilled water and carried through the same extraction procedure as the blood. 
Any error that maj”- occur as a result of loss in the extraction procedure 
is eliminated bj’’ adding a known amount of atabrine to one of the bloods 
to bo analj'zed and basing the calculation in the unknown sample upon the 
amount recovered in the sample to which the atabrinc has been added. It 
has been found, by experiment (see Fig. 1), that the percentage of recovcr.v 
of added atabrine is the same for all concentrations for which the method 
has been applied. 


i\fethod 

Apparatus and Reagents — 

1. 4 N sodium hydroxide solution. 

2. Petroleum ether (benzine), b.p. 30-65°, redistilled. 
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3. Isopropyl alcohol-isobutyl alcohol mixture, equal parts of each. 
Both alcohols are purified by redistillation. 

4. 0.3 X sodium hj'droxide solution. 

5. Isoprop 3 'l alcohol in 0.1 x HCl. Measure 300 cc. of redistilled iso- 
propj'l alcohol into a 1 liter volumetric flask. Add 100 cc. of 1 x HCl and 
dilute to the mark \rith distilled water. 

6. Borate-NaOH buffer solution. Dissolve 4 gm. of sodium borate in 
100 cc. of 1.35 X sodium hj’droxide solution. Filter until clear. 

7. Standard atabrine solutions, (a) Stock standard solution. Pre- 
pare bj' dissolving 63.6 mg. of atabrine hj^drochloride (CaHjoClNjO- 
2HC1-2H-0) in 1000 cc. of distilled water. This solution if placed in a 
dark bottle in the refrigerator will keep for several months, (b) Working 
standard atabrine solution. Di’ute 5 cc. of the above stock solution to 
100 cc. with distilled water. This weak solution deteriorates rapidlj', and 
should be freshlj' prepared each daj’. 1 cc. equals 0.0025 mg. of atabrine 
ba.se (QaHjoClNaO). 

8. Photoelectric fluorometer. Anj- of the fluorometers ha\'ing sufficient 
sensitintj’ for the determination of thiamine or ribofla\'in in biological 
fluids may be used. The instrument used in this work was the one manu- 
factured bj' the Coleman Electric Companj', Inc., and the technique to be 
described nill applv' to this instrument. The filters used nith this in.stni- 
ment were as follows: between the lamp and the sample, the regular 
Corex glass supplied with the instrument with the metal intensitj- reducer 
removed; between the phototube and the sample, the blue glass filter 
regularly fumi.shed with this iustrument for the determination of thiamine 
bj' the thiochrome method plus Coming j’ellow glass filter, Xo. 338, 2 mm. 
thick. 

9. Extraction vessel. This is a small separatorj- funnel of about 25 cc. 
capacitj', such as is used in the determination of thianune (7). Xo special 
trunnion carriers are required if it is desired to centrifuge the sjjecimens, 
since these vessels fit in the regular 50 cc. metal cups that are routine 
equipment with most centrifuges. These funnels maj’ be obtained from 
E. Machlett, Xew York, or the Scientific Glass Apparatus Companj-, 
Bloomfield, Xew Jersej'. 

Technique — If but one detennination is to be made, collect about 12 cc. 
of blood into a flask containing 1.5 to 2.0 mg. of potassium or lithium 
oxalate per cc. of blood. If more than one detennination is to be made, 
12 cc. of blood arc collected from one of the patients and about 6 cc. from 
each of the otheis. 

Into the e.xtraction vessels described above, nith a vessel for each sample 
to be analj’zcd, pipette 3 cc. of 4 x XaOH and 8 cc. of the isopropjd-iso- 
butj’l alcohol mixture. .\dd 1 cc. of water and 7 cc. of petroleum ether. 
Then add 5 cc. of blood to each, stopper, and immediatelj' mix bj’ inversion 
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several times. At the same time pi-cparc a standard vessel in the same 
manner as above except that 1 cc. of (he .standard atabrinc solution is 
added in place of the 1 cc. of water. Add to tliis standard vessel 5 cc. of 
the blood taken from the 12 cc. sample ns obtained from one subject. 
All vessels arc then shaken vigoroii.*!!}', cither b}- hand or in a mechanical 
shaker for 5 minutes. In this work a mechanical shaker capable of hand- 
ling eight vessels at once was u.sed. From this alkaline solution of the 
blood, the ntabrine passed into the upper, immiscible ether-alcohol layer. 

After shaking, allow the ve.s.scls to stand for 5 minutes to allow .separa- 
tion of the layers; then draw off the lower blood laj-er as completely as 
possible and discard. Wliirl the fln.‘?k to detach particles of protein ad- 
hering to the walls of the vessel, and then centrifuge 5 minutes at about 
1000 R.p.M. The additional small amount of blood layer that gathers in 
the bottom of the vessel as the result of centrifuging is then drawn off and 
discarded. Add to each vessel 10 cc. of 0.3 x NaOH, stopper, and shake 
vigorously for I minute. Allow to stand until the lower, alkaline aqueous 
layer has separated (about 1 to 2 minutes); then draw off this lower layer 
and discard. Rccentrifugc for 5 minutes at 1000 n.r..M. and discard the 
remaining small amount of aqueous alkaline layer that gathers in the 
bottom of the vessel. To each vessel now atid 10 cc. of the 30 per cent 
isopropyl alcohol solution in 0.1 n HCl, stopper, and shake vigorously for 
1 minute. The atabrine now passes from the upper ether-alcohol layer 
to the lower, aqueous acid alcohol layer. Again cent rifuge at 1000 n.r.M. 
for 5 minutes in order to produce better .‘reparation of tlie lawyers. 

Draw off an aliquot of tlus lower layer containing the atabrine, a few 
drops of which are first allowed to wa.sh out the capillary of the vcssel’.s 
.stop-cock. The amount of the aliquot withdrawn will depend upon the 
amount of the fluid required by the fluorometer cuvettes in order to obtain 
a reading. Altliough 10 cc. of the acid alcohol were added, the volume of 
the lower layer will onij" measure about 9 cc., since some of the isopropyl 
alcohol passes into the upper ether-alcohol layer. If the cuvettes of the 
fluorometer require a larger amount of fluid than this, a greater volume of 
acid alcohol solution should be used for the extraction of the atabrine. 
The cuvettes used in this work were specially selected test-tubes, requiring 
a minimum of 8 cc. of fluid in order to obtain a reading with the fluorom- 
eter. These test-tubes were therefore graduated at 8 cc., and the acid 
alcohol laj^er was allowed to flow from the extraction vessel to this 
graduation. A blank is prepared by’ adding 8 cc. of the isopropyl alcohol- 
acid solution to another cuvette. The contents of the cuvettes are now 
aUcalinized by adding to each 1 cc. of the NaOH-borate buffer solution 
and mixed by vigorous shaking. 

Measurement of Fluorescence — The fluorometer having been previously 
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turned on, and a stable operating condition reacbed, the cuvette containing 
the blank solution is inserted, and, if a means is available for setting the 
instrument to read zero, this setting is made; otherwise the reading of the 
blank is noted. The instrument used in this work possessed a control 
which made it possible to adjust the blank reading to zero; aU readings were 
made with the blank so adjusted. The sample to which the standard ata- 
brine was added is now inserted, and by means of the variable sensitivity 
control which most ol these instruments possess, the meter of the instru- 
ment, if graduated to read from zero to 100, is now adjusted to read between 
75 and 100. The readings of the unknown samples are then taken as rapidly 
as possible. After each unknown is read, the standard sample is returned 
to the instrument and the reading checked to see that no change from the 
initial setting has occurred. Should this reading vary from the initial 



Fig. 1. Relationship between atabrine concentrations measured in mg. per 
liter (abscissa) and fluorometer readings (ordinate). 

setting, the instrument is reset by means of the sensitivity control and the 
unknown reread. 

Calculation — ^The calculation is based upon the premise that the reading 
of the fluorometer is directly proportional to the concentration of the 
atabrine fluorescence within the limits of concentration for which the 
method has been devised. That this is true is shown b^' Fig. 1. Within 
the lirmts of the experimental error of the method a straight line relation- 
ship exists between the readings of the fluorometer and the concentration 
of the atabrine when the concentrations varj'' from 0.1 to 1.0 mg. per liter 
of blood, when 5 cc. of the blood are used for the analyses. The maximum 
deviation from tlus straight line relationship is equal to about one division of 
the fluorometer, which represents the limit of accuracy to which this instru- 
ment can be adjusted. For concentrations higher than 1 to 1.5 mg. per 
liter it is recommended that the sample be diluted with the 30 per cent 
isopropyl alcohol in 0.1 K HCl, 8 cc. of which have been neutralized with 1 
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cc. of the bonUC'NaOII InifTcr. 'I'ho proportioimlity of readings may hold 
for conccnirafions higher than 1.0 mg. per liter, Init with thi.s particular 
instrument thi.s concentration gave clo.se to the maximum reading of 100 
with the minimum sensitivity .setting, and therefore could not he read with- 
out dilution of the sample first . 

The following example will seiwe to illu-stratc the formula u.sed: rending 
of blood to which atahrinc was added, 75; reading of blood from .same .sub- 
ject, no atahrinc added, 2.5; reading due to the added atahrine alone, 50. 
Therefore 50 scale divisions of the in.strument are equal to 0.0025 mg. of 
atahrinc, which was the amount added to the blood, and twenty-five .scale 
divisions, the reading of the .sample without the atahrine, will cqu.al 
one-half this amount or 0.00125 mg. of atahrine in 5 cc. of blood. Multi- 
plying by 200 one obtains the concentration in mg. per liter of blood which 
in this ca.se is 0.25. This calculation may b(' expre.s.sed mathematically 
as follows: 


CU = 


I W X CS X 

"rs 


niR. ntal)rinc per liter blood 


CU represents the concentration of the unknown in mg. j>er liter; RU, the 
reading of the blood sample, with no atahrinc added; RS, the reading of 
the blood with added atahrinc minus the rending of the .came blood without 
added atahrine; and CS, the concentration of the standard, the amount, in 
mg., of atahrine added to the blood. 

Since 5 cc. of blood arc used in the analysis, the factor 200 is u.scd to con- 
vert the values to mg. per liter. 

If the sample is diluted prior to obtaining the readings, the value ob- 
tained by the above formula is multiplied by this dilution. 


DISCUSSION 

t 

The combination of solvents used in the extraction process was selected 
after numerous trials with a largo number of individual solvents as well .as 
many different mixtures. The combination used in this method was tlie 
onb’’ one with which satisfactory recovery of added atahrine could be 
obtained without producing emulsification on shaking with the blood. 
Without the isopropyl alcohol, hopeless emulsions occurred, while omission 
of the isobutjd alcohol, although no emulsions formed, ga\'C low recoveiy 
values. The iietroleum ether, Avhile not a particularly' efficient solvent for 
atahrine, was nqce.ssary to prevent the formation of emulsions, and, in com- 
bination Avith the isobutyd alcohol, is a satisfactory soh'ent. To extract the 
atahrine from the ether-alcohol phase a solution of 30 per cent isopropyl 
alcohol in 0.1 n HCl ivas used rather than the aqueous HCI alone, as it was 
found that unless some isopropyl alcohol ivas present, turbidity formed in a 
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certain number of specimens and tins interfered with the measurement of 
the fluorescence. By the use of isopropyl alcohol crj’^stal-clear solutions 
were always obtained. 

A considerable number of blood and urine samples from subjects, normal 
and abnormal, not under treatment with atabrine were analyzed for the 
presence of interfering fluorescence. In no case was a reading on the 
fluorometer obtained which was greater than that given by the reagents; 
see Table I. 


Table I 

Recovery of Added Atabrine from Blood 

5 cc. of blood were used in the analyses and the results obtained were calculated 
against the reading of a standard atabrine solution in 5 cc. of distilled water which 
was carried through the same extraction process as the blood. 5 cc. of this standard 
contained 0.005 mg. of atabrine base equal to a concentration of 1.0 mg. per liter. 
The fluorometer was adjusted to give a reading of 100 with the standard solution; 
the reading was zero when no atabrine was added. 


Specimen 

Amount of atabrine 
added to 5 cc. 
blood 

Reading of blood 
with added 
atabrine 

Per cent 
recover^' 



mg. 



Blood 1 

Normal 

0.005 

97 

97 



0.0025 

49 

98 



0.0005 

9 

90 


Jaundice 

0.005 

95 1 

95 


tl 

0.005 

99 

99 


Diabetes 

0.00125 

24 

96 


Lipid nephrosis 

0.005 

96 

96 

Urine 

Normal 

0.005 

99 

99 


(1 

0.005 

100 

100 


K 

0.0025 

50 

100 


Jaundice 

0.0005 

! 11 

110 


Nephritis 

0.00125 

1 26 
! 

104 


It is advisable to subject a blank of 5 cc. of distilled water to the same 
extraction procedure as that u-sed for the blood in order to obtain the total 
extractable blank fluorescence of all reagents used in this method. If it is 
found that after this procedure the reading of the blank is no greater than 
that obtained from the neutralized isopropyl alcohol-HCl solution alone, 
then the extraction of a separate blank may be dispensed with. Otherwise, 
for each series of determinations, it will be necessary to carry a blank of 5 
cc. of distilled water through the same procedure as that used for the blood. 
With reagents of the highest purity, and redistillation of all solvents, no 
blank fluorescence could be extracted and the determination of a separate 
blank could thus be eliminated. 
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RcMion of pll to Fluorcsccncr , — It was found that tho fluorc.sccnco of nta- 
brinc in actucous f-olulion was markedly inrreasod, about 9- to 10-fold (see 
Fig. 2), bj’ changing the pll from acid to alkaline. The maximum fluores- 
cence occurred at a pH of about 12.5 and above pll 13 tiic fluorescence de- 
creased. The borate buffer .solution was adjusted to give a ])II of 12.5 and 
when added to the acid alcohol solution of atabrinc the maximum variation 
from this value was 0.1. The addition of the, alkaline buffer also gives a 
check on the Bpecificity of tlic method for atabrine, .since most other 
substances that fluoresce will show a decreased reading when rendered 
alkaline. If the reading of tlie instrument is taken before and after the 



Fig. 2. Effect of pH on the fluorescence of titnbrine 


addition of the alkaline buffer, a decrease in the readings will indicate the 
presence of some other fluorescent material, quinine, for instance. If the 
addition of the alkaline buffer increases the reading over that obtained in the 
acid solution, but the increased reading is less than 9- to 10-fold, this indi- 
cates the presence of atabrine plus some other contaminating fluorescence. 
In the case of urine results were obtained, following cessation of administra- 
tion of atabrinc, indicating that tho atabrine which was being excreted was 
associated with a breakdown product which interfered with the atabidne 
fluorescence and gave erroneous results. This will be discussed more fully 
below. 

Application of Method to Plasma and Urine — The method may be used 
without modification for the determination of the atabrinc concentration 
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in plasma and urine. However, it is not necessary to use a sample of the 
plasma or urine to which atabrine has been added as a standard for com- 
parison. Instead a standard of 5 cc. in distilled water containing a concen- 
tration of 1 mg. per liter is used, as there is no loss of recovery bf atabrine 
from plasma or urine as compared to distilled water. This standard is put 
through the same extraction procedure as the plasma or urine. Because of 
the much higher concentration of atabrine in the urine it is usually necessarj’^ 
to make a dilution before the fluorometer is read. The degree of dilution 
necessarj' can usuallj' be judged bj' the intensity of the yellow color of the 
acid alcohol extract. This dilution is made with the 30 per cent isopropyl 
alcohol in 0.1 N HCl solution. 8 cc. are then neutralized with 1 cc. of the 
borate-HaOH buffer and the reading in the fluorometer obtained in the 
usual waj". 

Results 

In Table II the blood and urine concentrations of a normal indi'v'idual 
receiving 0.3 gm. of atabrine daily in three equal doses of 0.1 gm. each for a 
period of 5 days are recorded. This is the dosage that is ordinarily used in 
the routine treatment of malaria with this drug. Of particular interest is 
the low concentration attained in the blood on this dosage, the maximum 
value being only 0.15 mg. per liter. Of equal importance is the fact that 
the concentration remained close to the maximum for about a week follow- 
ing discontinuance of the drug. Whether such a low concentration can 
have any effect on the malarial para.site carmot at pre.sent be stated. 

Whenever the concentration of the atabrine in the blood was above 0.1 
mg. per liter, the identity of the fluorescent material was proved to be 
atabrine only, by comparing the readings obtained before and after the 
addition of the alkaline buffer solution. An increase of 9- to 10-fold was 
considered specific for atabrine and this ratio was alwaj-s obtained with the 
blood. With concentrations belowO.l mg. per liter the error in reading the 
instrument was too large to obtain a sufficiently accurate ratio to prove the 
identity of the ffuorescent material. 

In the case of urine, during the period that the atabrine w.as being ad- 
ministered, and for about 2 weeks following its stoppage, the ratio of the 
fluorescence in alkaline solution to that in the acid solution was the same as 
that of pure atabrine, indicating the absence of any interfering substance. 
However, during the 3rd week the ratio began to change and about 4 weeks 
after the last dose of atabrine the ratio had changed from between 9 and 
10 to 1 to about 5 to 1, indicating that in addition to atabrine some other 
substance, also fluorescent, is being excreted. This substance is un- 
doubtedly a decomposition product of atabrine, since prior to administra- 
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(ion of (he ninbrinc fcverni (Ie(ennin«(ions wore innde on (he nrinc of this 
subject ami no otiier fluorescent mnterinl could be extracted. Further 
M’ork i.s beinp: done on (he Isolation and identification of thi.s sub.stancc. 


Tatii.i; II 


Concctifrnlion o/ Alaljrit:r tti Illnnd and (/vine of Xnrmal Subject Receiving O.S Gm. 

of Atnbrine Dail;/ for E !)a'js 



Timr of ailminM* 


Time of 

Concfn- 
UMion of 
ntatirinc in 

Time of 

Concentra- 

Dnie 

(ration of 
ntabrinc 


foilrctlrtn 
of lilfWv] 

collirction 
of urine 

atabrine 
irj urine 



rn. 


rtf. frr /. 


rtf. fff !. 

Dec. 10 

S a.m. 

0,1 

10 a.m. 

0 

JO a.m. 

0.50 


I p.m. 

0.1 

2 p.m. 

0 

2 p.m. 

0.75 


5 “ 

0.1 


10 " 

1. 30 

17 

8 a.m. 

0.1 

10 a.m. 

0 

10 a.m. 

1.20 


1 p.m. 

0.1 

2 p.m. 

0.0.1 

2 p.m. 

2.10 


5 " 

0.1 





“ IS 

S a.m. 

0.1 

10 a.m. 

O.O.I 

10 a.m. 

2.S0 


I p.m. 

0.1 

2 p.m. 

o.os 

2 p.m. 

3.60 


5 " 

O.I 




" 1!) 

8 a.m. 

0.1 

10 a.m. 

0.10 

10 a.m. 

5.30 


1 p.m. 

0.1 



2 j).m. 

G.m 


5 “ 

0.1 




" 20 

8 a.m. 

0.1 

10 “ 

O.l.'i 

10 a.m. 

6.20 


1 p.m. 

0.1 



2 p.m. 

7.50 


5 “ 

0.1 




“ 21 

Atabrine disrontinned 

2 p.in. 

0.15 

2 " 

0.70 

" 22 



2 ** 

0.15 

2 ” 

6.50 

“ 24 



2 “ 

0.13 

2 

C.OO 

“ 26 



2 ** 

0.13 

2 ** 

6.00 

“ 28 



2 “ 

O.OS 

2 

5.30 

Jan. 2 



2 •' 

0.07 

2 “ 

3.50 

" 7 



2 “ 

0.05 

2 " 

0.6S* 

" 10 



O ft 

0.03 

2 " 

0.00* 

“ 16 



2 “ 

0.00 

2 

0.60* 


* These values are probably too high for ntabrinc. By measuring the ratio of 
the fluorescent material from the urine in alkaline and acid solution, the ratio ob- 
tained was lower than that for pure ntabrine. This indicates the e.vcrotion of some 
decomposition product of the atabrine. 

SUMMAllY 

A fair!}’’ simple’ and accurate method, based upon fluorescence measure- 
ment, for the quantitative estimation of atabrine in blood and urine has 
been described, 

AVith this method, as little as 0.1 mg. of atabrine per liter of blood can 
be accurately measured on a 5 cc. sample. 
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The probable identity with atabrine of the fluorescent material measured 
can be tested by comparing fluorometer readings from solutions at pH 6 
\^-ith readings from solutions at pH 12. Atabrine shows 9 times as much 
fluorescence at pH 12 as at pH 6. Application of this test to human urine 
passed during 26 days after discontinuance of atabrine administration 
showed the 9:1 ratio for some days, but a lower ratio later, indicating 
probably decomposition products of atabrine. 

It is proposed that the blood concentrations of a large series of patients im- 
dergoing treatment for malaria with atabrine can be studied by this method 
in order to determine whether any relationship exists between the concen- 
tration of the drug in the blood and the therapeutic results obtained. 
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MICRO GASOIMETRIC ESTIMATION OF THE BLOOD GASES 

I. OXYGEN 
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In a recent paper (Scholander and Roughton (1)) we have described a 
simple micro gasometric technique for estimating carbon monoxide in a 
drop of blood. In this method 40 c.mm. of blood are mixed in a 1 cc. 
syringe with ferricyanide containing potassium bicarbonate and saponin, 
and an acetate buffer is then added. The CO 2 which is evolved on shaking 
provides a gas phase for the extraction of the other gases of the blood and 
reagents ; i.e., Oi, CO, and Nj. After the extraction is complete, the CO; and 
extracted 0; are absorbed bj' alkaline pyrogallol and the small bubble which 
remains is measured in a graduated capillarj' attached to the nozzle of the 
sjuinge. The CO is absorbed by Winkler’s solution and the gas bubble 
measured again. From the difference between the two readings the CO 
content of the blood is calculated. 

In the present series of papers we have extended the micromethod to the 
estimation of the other blood gases, and have revised the original carbon 
monoxide method. With the improvements now made, the instrument has 
become as useful for accurate laboratory investigations as for work under 
field conditions. Since the technique varies somewhat from gas to gas, we 
have thought it best to describe the different procedures in separate papers. 
As the details of the O; estimation show the most common and general 
features, we present them first in this paper. 

EXPERIMENT.4L 

Apparatus — The present instrument (Figs. 3 to 6) is essentially the same 
as that previously described (1). In its present form it consists of a 1 cc. 
Pyrex tuberculin syringe, vith arresting clip on the plunger to prevent it 
from slippmg, and with a standard bore precision 0.5 mm. Pyrex capillai^’ 
fused to its nozzle. The top of the capillary' is expanded to a cylindrical 
cup of about 2.5 mm. bore and 1.5 cm. length. The capillary (7 to S cm. 
length) is graduated into 30 divisions, each of 2 mm. length. For some 
purposes a few extra divisions are desirable. The blood pipette is made 
from thin walled glass tubing (1 to 1.5 mm. bore) and it is ground smooth 
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at tlie til) fio as to fit snugly into tin* bottom of tlic glass cnp. The volume 
(lolivcrod from the mark to the tip is (’qiinl to J Of) divisions of the capillary 
and is actually 39.3 c.mm. The eapillary and pipettes can be simply and 
acoivatcly calibrated by means of a micrometer burette (Scholander (2)). 
The pipettes and .syringes ns .supplied by (he pre.-'cnf. maker’ are intcr- 
chanpcnble. A detachable nibber eup of about 1 cc. capacity is fitted to 
the top of the glass cup when required. 

Priiiciplc of Method — The {);, CO, and X; of the bloorl and reagents arc 
extracted by cxcc.ss of CO;. 'I'hc GO; is (hen absorbed with 10 per cent 
NaOIT. The residual gas bubble is driven into (ho eapilhiry and it.s volume 
measured before and after absorption with alkaline pyrogallol. The 
ditTcrence in these two volumes represent-s the O; content of the blood and 
reagents. A blank is subtracted for the O; content of the reagent.s, and the 
remainder when nniltiplied by (he usual correction factor for temperature 
and pre.ssurc gi\’cs (he O; content of (he blood. 

Reagents — 

1. Distilled water. 

2. Caprylic alcohol. 

3. Fcrricyanidc solution. 1 2.5 gm. of KjFcfCfXlc, 3 gm. of JvHCOj, and 
0.6 gm. of saponin are dissolved in water and made up to 50 cc. The solu- 
tion should be renewed every 3 days; otherwise appreciable los.s of COj may 
occur and varioius le.s.s well defined difficulties are met with. 

4. Acetate buffer. TOgm.of sodium acetate, XhaCsHjOj-SHsO, arc dis- 
solved in 100 gm. of water and 15 cc. of glacial acetic acid added. 

5. 45 per cent urea. This is used ns a cleaning solution because of its 
protein-dissolving property. 

G. 10 per cent NaOH. 

7. Pyrogallol solution. IS gm. of pou’dei-ed pyi-ognllol are added to 100 
cc. of 20 per cent NaOH in a rubbcr-stopjjcrcd bottle and covered with a 
layer of oil 2 cm. thick on top. The pyrogallol is di.ssolved under the oil 
by stirring with a glass rod. 

Reagents 2, 3, 4, 5, and 7 are conveniently stored in 2 or 5 cc. sj’ringcs, 
and Reagent 6 in a 10 cc. s^-ringc. The syringes ha\-e fine tipped, glass 
nozzles attached, and the rear parts of the plungers are well greased. The 
distilled Avater is placed in a bottle above the apparatus and is delivered 
through rubber tubing with a glass nozzle. 

Blood Sa7nples — Finger ]3rick samples of blood ma.y bo drawn directly 
into the pipette by Mook’s techniciue (3) (see also Scholandor (4)). Larger 
samples of unsaturated blood can be dealt with anaerobicall}’^ as follows: 
The plunger of an all-gla.ss 2 or 5 cc. .syringe is lubricated with 1 or 2 diops 

) Mr, J. D. Gr.slmni; Department of Physiology, Scliool of Medicine, University of 
Pennsylvania, Philadelphia. 
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of paraffin oil. A little heparin solution is drawn into the sj'ringe and the 
walls of the barrel moistened ^-ith the solution bj' drawing the plunger all 
the way do\\'n and pushing it up again, the dead space at the top and the 
nozzle being left full of heparin. The solution is -freed from air bubbles by 
rapid twisting of the syringe in the vertical position, the sjTinge being held 
by the nozzle or needle, the plunger being arrested by a clip. This procedure 
centrifuges the bubbles to the center so that they can be easily expelled. 
The nozzle is attached to a needle and the blood vessel punctured. The 
air bubble from the needle is cautiously expelled, the needle removed, and 
the nozzle dipped into a dish containing mercury, a little of which is drawn 
into the S 3 TTnge. The air bubble from the needle can be avoided by in- 



Fig. 1 



Fig. 2 


Fig. 1. Anaerobic storage of blood samples. 

Fig. 2. Transfer of blood from storage syringe to pipette. 


serting the needle into the blood vessel with another sj’ringe, drawing the 
needle full of blood, and then exchanging the first syringe for the sj'ringe 
containing heparin. A half inch length of rubber tube is joined to the 
nozzle, filled with the blood, and closed with a plug of glass rod without 
trapping an air bubble. The mercurj' is used for mLxing the blood in the 
sj’ringe, which is immersed in a beaker of ice and water (Fig. 1). For high 
accuracy it maj' be necessarj’ to correct the results for the slight dilution 
with the heparin solution, which can be determined bj' weighing. 

For transfer to the pipette the syringe is removed from the beaker, dried, 
the blood well mixed, and the fluid in the rubber tube pumped a few times 
into the main bulk of the blood by workmg the glass plug up and down. 
The plug and rubber tube are then removed, and the pipette, with the tip 
protruding about an inch over the edge of the bench, is held with its conical 
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tip prcj-'sod jiRninsf. fho op(?nirip of tlic syrinKo nozr.h (Fip. 2). If difficulty 
is experienced in (his steii, the pipette (ip mny im covered with u mhber 
plug with n enjiillury bore. 'I’iie pipette is (hen Io:ide<l by screwing in the 
plunger. 'J'hc .syringe is re.stojipered without tmpi)ing air and returned 
to the ice bath. 


Promlurr 

1. Tlic .syringe i.s lield vertically and any liquid in the cup of the syringe 
is withdrawn by vacuum suction. The plunger i.s pushed up and (he cup 
fdlcd with fcrricynnidc solution. The solution i.s drawn down to the bot- 
tom of the -syringe and ex]iellcd through the cup and removed. This procc- 



Fio. 3 Fir. -5 


Fig. 3. Transfer of blood from pipetto directly to capillary. 

Fig. 4. Further details of the transfer of blood from the pipette to the c-apill-ary. 

dure is repeated twice with fresh lots of fcrric 3 'anidc without trajiping air 
bubbles. No grease or oil is used in the syringe. 

2. The glass cup is filled to the mark with ferric 3 'anidc and the latter 
drawn down to the bottom of the cup. 

3. A drop of caprylic alcohol is deposited on the bottom of the cup. 

4. The pipette is filled with blood to the mark, wiped, and held at a 
slight angle to the horizontal, so that the blood does not run out when both 
ends of the pipette are open to the air. With the S 3 U'inge at the same angle 
the pipette is cautious^ introduced into the glass cup, and its tip pressed 
snugly but not too vigorously against the bottom of the cup (Fig. 3). 

5. By pulling out the plunger gradually the blood is slowly and evenl 3 ^ 
drawn down into the capillary, followed by a bubble of air of about 1 mm. 
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length (Fig. 4, A and B). If the tip is properly ground and the right 
amount of pressure applied, no appreciable amount of caprylic alcohol is 
drawn in during this step. The bubble of air prevents any blood being 
sucked back into the tip when the pipette is removed. 

6. The pipette is quickly removed and the bubble of air (Fig. 4, (7) is 
then e.xpelled through the capiylic alcohol, with aid if necessai^’^ of a piece 
of fine wire or by tapping the capillarj". 



Fig. 5 


Fig. G 


Fig. 5. Sliaking of syringe and extraction of gas. 

Fig. G. a and B, syringe allowing the technique for ab.sorption of the CO. used for 
extraction; C, temperature equilibration of gas bubble in capillary before the reading 
is made. 


7. A trace of caprylic alcohol, t.e. about 2 divisions length of the capillarx', 
is drawn down onto the top of the blood and the rest of the caprj’lic alcohol 
is removed from the cup. 

8. The cup is filled to the mark with acetate buffer and the latter drawn 
down to the bottom of the cup. 

!1. The cup is then immediately filled to the top with 45 per cent urea, 
and then closed firmly with the finger. 

10. The closed apparatus is vigorously shaken in the horizontal position, 
the plunger being gradually drawn out as the CO; and other gases are 
evolved, the gas pressure in the syringe being kept roughly atmospheric. 
The total volume evolved is usually about 0.75 cc. (Fig. 5). Shaking is 
continued for a total of 2 minutes. If the proper amount of CO- is not 
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evolved, it nmy be neer.cKnry In iHljiist Hie fftrenclli of tlic birarbnnntc in 
Itcfigcnt 3 aecortlinpily. 

11. Tlie fiiipor is Ciiiilioiisly released, the syrinpe pliitiper beinp manipu- 
Intcd so ns (o keep (be pas meniscus in (he capillarA'. A small amount of 
urea is allowed (o nm <lnwiv ii\(o (he capillary and left (here until (he walls 
nre perfectly clean. 

12. Tlirce-ciuartci's of (he urea .solution in (he plass cup is removed, .and 
(be rubber cu]) ndjus(ed and filled with 10 per cent XnOH wilhoiit trapping 
air bubbles (Fig. 0, yl). 

13. A little NaOII is drawn into the syringe. 'I'his alisotbs some C'O-, 
caiKsing a partial vacuum which (piiekl.v sueks in more XaOlI until only a 
small bubble consisting of (b, X;, and CO (if any was originally present in 
the blood) is loft at the (op of (he .syringe (Fig. (>, B). The ab.sorption t.ake.s 
a few seconds and just before it is complc(e (ho residual bubble is .«crcwcd 
slowly and carefully up into the capillary by manipulation of (he plunger. 

14. The rubber cup is removed and the plass c\ip emptied. 

15. The capillary is placed for 1 minute in a beaker of water at room 
temperature (Fig. G, C). 

10. It is then removed, dried by light wiping, care being taken that the 
capillary is not handled, and the volunie of (he bubble read, Fi divisions. 

17. The glass cup is then filled with pyropallol solution and the Oj of 
the bubble is absorbed by pulling the gas bubble down to the bottom of the 
capillary and back again a few times. Finally the bubble is moved very 
slowly up into the top part of the capillary and after a further tcmi)crature 
equilibration its volume is road again, di^■isions. If F; is only a few 
divisions, the second tcmjjcraturc equilibration can be omitted. 

18. The blank is obtained by a similar experiment without any blood 
added. 

19. To wash the instrument, the plunger is pulled out under a stream of 
running water and the blood mixture poured out. The syringe is filled and 
emptied seAmral times with water before the plunger is I'cstored. The 
plunger should ne\'er be forced inwards if there is a resistance due to 
precipitates inside it. Occasionally the whole syringe should be rinsed 
with dichromatc cleaning solution. 

The time taken by the complete estimation averages about 8 minutes. 

In the measurement of the bubbles it is essential to mo\-c them vepv 
slowly and evenb', so as to assure good drainage and to match the conditions 
under Avliich the capillarj' and pipette were calibrated by the micrometer 
burette technique. These delicate adjustments are readibv made by ro- 
tating the, plunger gently with a screwing motion as it is being drawn in or 
out. Slipping back of the plunger is prevented by a proper adjustment of 
the arrestmg clip. Careful control of the movement of the bubble is se- 
cured by using the little finger as a brake against the plunger. Until one is 
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thoroughly acquainted with the technique, duplicate readings should be 
taken ; if these vary at all, the smallest reading is taken to be the correct one. 
Calculation of Results — ^The oxygen content of the blood equals 

(r. - T; - c) X / (1) 

where c is the blank correction for O; content of the reagents, / is the cor- 
rection factor for temperature, aqueous vapor pressure, and barometric 
pressure. 

The value of c is usually 1 .0 to 1.1 volumes per cent at room temperature. 
/ may be read off from a nomogram or from the usual tables such as that 
given by Peters and Van Slyke (5). In the computation of f the aqueous 
vapor pressure is assumed to be that over pure water, whereas with the 
solutions over which the gas bubbles are read the actual vapor pressure may- 
be as much as 3 to 4 mm. lower at room temperature. This would only- 
change / by- about 1 part in 200, which would be barely- significant. In 
practice we find that the length of a pven bubble of N; (20 to 25 divisions 
total length) is the same to within 0.1 dh-ision whether read over water, 
10 per cent NaOH, 20 per cent NaOH, or the py-rogallol solution. 

Notes — By filling the dead space of the syringe at the start with ferri- 
cy-anide instead of w-ater the blank amount of dissolved Oj in the reagents 
is cut down. For this reason also only- a minimal amount of capry-lic 
alcohol is used, since the solubility of Oi in the latter is about 5 times 
greater than in water. 

The object of the urea solution is to clean the capillary- of blood so that 
no traces of blood precipitate are subsequently formed there by- contact 
with the strong alkali. 

The speedy adjustment of the bubble into the capillary- at the end of the 
COj absorption helps to eliminate reabsorption of O; at the critical moment 
at which the partial pressure of the O. becomes high (i.e. nearly- 1 atmos- 
phere). 

Temperature equilibration of the bubble before the measurement of Fi 
has proved necessary-, for with long bubbles a contraction of nearly- a divi- 
sion may be observ-ed as a result of immersion of the capillary- in the water 
bath. 

In our original method for CO estimation in blood none of the above 
precautions, c.xcept filling the dead space of the sy-ringe with ferricy-anide, 
was taken nor was the method of delivering the blood from the pipette so 
satisfactory and complete. It is, we believe, the summated effect of these 
various improvements that now makes it necessary to apply- the full cor- 
rections for temperature and pressure, wiiercas in our origuial paper the 
effect of these omissions was by- chance such as to counter almost e.xacth- 
the temperature-pressure correction, which was in fact left out. 

The stronger and more alkaline py-rogallol does not under the present 
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condilioiiH evolve nppreriahle CO during the 0; nhsor])fion. This matter 
together with ii eonsideration of the drawhark.s of the more conventionally 
used hydrosulfite-anthraquinone ()• nhsorhent is discussed in ‘‘Appendix I” 
to Paper II on carbon monoxide estimation. 

For accurate and satisfactory results the blood should be fresh; i.c., not 
more than 2-! hours old. 

Presence of ether in the blood may lead to serioti.s error, which might 
possibly be checked by some modification of the above procedure. This, 
liowcvcr, has not. yet been attctnptcd. 

Accitraaj of Method — Our first check of the method was to anah'zc 
bubbles of atmospheric air for 0; and CO:. 'J'hc dead space of the syringe 
was filled with distilled water and bubbles of air of IS to 27 divisions length 
were drawl into the capillar}’. Th wa.s measured after temperature 
equilibration in the usual way and the 0: jilus CO: of the bubble was then 
absorbed by pyrogallol as above and F; measured. The following readings 
were obtained. 


F. 

24.2 

25.0 

25.0 

25.0 

24.3 

26. 9 

17.9 

22.0 


19.0 

19.8 

19.0 

19.8 

19.4 

21 .2 

14.0 

17.4 

%0! -f CO: 

21.5 

20. S 

20.4 

20.8 

20.9 

21.2 

21.7 

1 20.9 

1 


Average = 21.0 per cent (±0.7 at most) 


These results are within the accuracj- of the visual readings of the bubbles, 
for an error of 0.7 per cent in the computed 0: corresponds to an error of 
only 0.15 division in the reading of the length of the bubble. The average 
agrees closely with the theoretical figure. 

In our next check the complete procedure was run through as for a blood 
O 2 analysis, save that in place of the blood a measured bubble of atmos- 
pheric air was used and the per cent O 2 in the latter determined. Nine such 
determinations gave the following figures; 21.8, 20.4, 20.9, 20.7, 21.4, 20.9, 
21.6, 21.1, 21.0; average 21.1 per cent (±0.7 at most). The result of this 
test is thus as satisfactory as the first one. As a further check of the 
piinciple of the method we may quote the e.xcellent agreement foimd in 
Paper III between the No content of aerated distilled water and the figure 
expected fi’om the solubility coefficient of No in water as given in the usual 
ph 3 '^sicochemical tables. We have also carried out similar and equall}’ 
satisfactory checks by the method on the amount of dissolved air in aerated 
distilled water at 24'’. We obtained values for the solubility coefficient of 
1.76 and 1.70, mean 1.73, as compared with the figure of 1.74 given in the 
tables. 

These varied tests seem to leave no doubt that the instrument and 
method are, in the handling of inorganic solutions, only limited by the 
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accuracy of the reading of the length of gas bubbles. To prove that the 
same holds good in the case of blood, we have carried out a series of com- 
parisons of the 0: content of blood by the syringe method and the usual 
Van Slyke method, 1 cc. samples being used in the latter. These checks 
are presented in Table I. 

The spread of individual readings by the s 3 'rTnge method is usuaUv not 
more than 0.2 to 0.3 volume per cent. Onl 3 ' in one case in Table I is there 
a spread of as much as 0.4 volume per cent. We ma 3 ' thus conclude that 
an 3 ' individual reading should be correct to 0.1 to 0.15 volume per cent. 
This is confirmed b 3 ' the- agreement between the means b 3 ’ the S 3 ’iTnge 
method and the Van Slyke method. The ma.ximimi discrepanc 3 ' is 0.13 
volume per cent and the average discrepanc 3 ' onl 3 ' 0.05 volume per cent. 
The ver 3 '- satisfactor 3 ’' agreement in the three tests with partiall 3 ' saturated 


Table I 

Comparison of Oxygen Content of Blood by Syringe Method and Van Slyke Method 
The values are given in volumes per cent. 



Syringe method 

1 

Van Slyke method 


Individual readings I 

1 Mean 

Mean 

Individual readings 

Oxj'gen capacity 

23.1,22.8,22.8 

22.9 

22.7, 

22.65,22.85 

of aerated blood 

22.2,22.3 

22.2s 

22.25 

22.3, 22.2 

from different 
individuals 

21.7,21.6,21.8,21.9 j 

21.75 

21.75 

21.8, 21.7 

Oxygen content 

16.5,16.3,16.2,16.1 ^ 

16.2, 

16. 15 

16.1, 16.2 

of partially sat- 

10.6, 10.7, 10.7 

10.6, 

10.6, 

10.7, 10.6; 

urated blood 

2.7, 2.6, 2.7 

2.6, 

mm 

2.7., 2.7, 


blood shows that no appreciable 0: is gained b 3 ' the blood during the trans- 
fer processes in the S3’ringe technique. 


DISCUSSION 

The aims of this research were to devise a gasometric method for deter- 
mination of the O 2 content of the blood which should be accurate, rapid, 
reasonabb' eas 3 ’ to leam, require onh- a drop of blood, and onh* involve 
relatively cheap and easily portable apparatus. The tests given above 
show that these requirements have been attained. The accurac 3 ' (of about 
0.15 volume per cent) is as high as is needed for most ph 3 -siological pur- 
poses. The time taken b 3 ' each determination is onl 3 ' from 6 to 10 minutes 
and a reasonably skilled observer should be able to master the technique 
in a dozen or so practice determinations. The other points are liken-ise 
met in the technique as described. 

The method is alread 3 - being applied to the Etud 3 ' of shock and other 
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prohloius ill rxpi'rimriil.^i on Hinnl! aninuils, from uhirli the quantities of 
blood roadily olilniimblo nn* insufliriciit for the usual anciiratc gnsomctric 
methods. It is hoped that there will lie miteh further opportunity for 
application of the metho<l aloru; these lines, ns well as in clinical use for 
oliservations of O: eapaeity an<! content. It is possible also that the 
method may be of .service in students’ cnurse.s. 

SlTM.MAllV 

TilO syringe-capillary method of Scholandcr and Houghton ha.s been 
adapted to the microdeferminntion of tb in blood. The volume of blood 
sample reciuirod is •!(( e.mm., the accuracy is 0. In to 0.20 volume per cent, 
and the time for a single deferminntion is from 0 to 10 minutc.s. The 
apparatus is portable, doe.s not ref|uirc refined laboratory facilitie.s, and the 
technique is reasonaiily ea.sy to leani. 

Dr. Nelson Oniway has also ni>plicd (lie .syringe method to tiic estimation 
of 0; content of blood. He tells us that he has attained almo.st the .same 
accuracy and concordance with the Van Slyke method as we report, ^^c 
are much indebted to liim for information on this and otlicr points. 
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In the present paper we describe three applications of the sjTlnge tech- 
nique to the microdetermination of CO in blood : (a) a general method for 
saturations ranging from 0 to 100 per cent COHb, (6) a method for com- 
bined determinations of O 2 and CO on one sample of blood, (c) a special 
method precise enough for blood volume determination in which the CO 
content is kept below 2 volumes per cent. 

General Method for Estimation of CO in Blood 

Apparatus — These are described in our original paper (1) and in Paper I 
on Oi determination (2). 

Principle of Method — ^The Oj, CO, and N- of the blood and reagents are 
extracted by e.xcess of COj evolved by the reagents, and the COj and Os 
subsequently absorbed together by alkaline pjTogallol. The volume of the 
residual gas is measured in the capillar^’^ of the instrument before and after 
the absorption of CO bj- Ti'inkler’s solution. The difference in volume 
multiplied by the correction factor for temperature and pressure gives the 
CO content of the blood in volumes per cent. No blank correction is re- 
quired for the reagents, since the blood itself is the only source of CO. 
Reagents — 

1. Aerated distilled water. 

2. Caprylic alcohol. 

3. Ferricj’anide solution. 12.5 gm. of K 3 Fe(CN)t, 3 gm. of KHCOj, 
and 0.5 gm. of saponin are ground in a mortar and dissolved in water to 
make up to 50 cc. The solution should be renewed everj' 3 da 3 -s. 

4. Acetate buffer. 70 gm. of sodium acetate (NaC;H 30 j- 3 H; 0 ) arc 
dissolved in 100 gm. of water and 15 cc. of glacial acetic acid added. 

5. 45 per cent urea. 

6. Winkler’s solution. 20 gm. of cuprous chloride, 25 gm. of ammonium 
chloride, and 75 gm. of water are placed in a bottle just large enough to 
contain them. The bottle is cork^, shaken with as little air as possible, 
and the precipitate then allowed to settle. A coil of copper wire is placed 
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in the foliition, wiiirli i.M tlicn rovfrcv! witli a layer of paraflin oil. After 
.some (im<’ (he naipeiil hecome.'? almo-;( eolorle;;.-!, 

7. J’yroi^'vllol .■^ohilion. In ftin. of i)owcleri'(l pyrogallol arc added to 
100 cc. of 20 i)cr cent NnOII in a ruhher-.sloppercd hoftle and covered mth 
a layer of oil, 'I'he pyroj^allol is dissolved under the oil hy stirring with a 
glass rod. 

The pyrogallol .solution is .stored in a 10 ee. .syringe with the rear end of 
the plunger well gre.'i.s('d and a fine tijiped glass nozzle attached to the 
syringe. The other reagents are simil.arly .storcal in smaller .syringc.s. The 
water is placed in a bottle, above the apparatus and is delivered through 
rubber tubing with a glass nozzle altaebcHl. 

Blood Battiplrs — Finger prick blood .samples may be obtained b}’ st.abbing 
the clean finger with a blood lanee and sfitieozing the drop of blood directly 
into a small glass vial (20 X S mm.) into which two or three particles of 
powdered trisodium oitnitc have been placed. Smearing of blood over the 
finger should be avoided; otherwise clotting is ajit to occur. The blood 
and citrate arc stirred witli a gla.ss rod and the vial corked. For accurate 
work a small allowance is necessary for the diluting effect of the citrate. 
See also the syringe technique in Paper I. 

Procedure 

1. The S 3 'ringc is held vcrticalh' and an}' liquid in the cup of the syringe 
is withdrawn bj' A’acuum suction. TIic plunger is pushed up and the cup 
filled witli ferriejmnide solution. The solution is draini down to the bottom 
of the syringe and expelled through the cup and rcmo\-cd. This procedure 
is repeated twice with fresh lots of ferricyanidc, the dead space finally 
being left full of ferriejmnide without trapping anj’ air bubbles. No grease 
or oil is used in the syringe. 

2. The glass cup is filled to the mark with ferric 3 'anide and the latter 
draira down to the bottom of the cup. 

3. A drop of capr 3 ’'lic alcohol is deposited on the bottom of the cup. 

4. The pipette is filled with blood to the mark, \nped, and held at a 
slight angle to the horizontal, so that the blood docs not run out when both 
ends of the pipette are open to the air. With the S 3 ’^ringe at the same angle, 
the pipette is cautiousl 3 ^ introduced into the glass cup, and its tip pressed 
snugly but not too vigorously against the bottom of the cup. 

5. By pulling out the plunger gradually the blood is slowly and evenl 3 ’- 
dra^vn into the capillar 3 ’', followed b 3 '^ a bubble of air of about 1 mm. length. 
If the tip is properly ground and the right amount of pressure applied, no 
appreciable capiylic alcohol is dra^vn in during this step. The bubble of 
air prevents any blood from being sucked back into the tip when the pipette 
is removed. 
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6. The pipette is quickly removed and the bubble of air is then expelled 
through the caprj'lic alcohol, vith aid if necessary of a piece of fine mre or 
by tapping the capillary. 

7. A trace of caprj'lic alcohol, i.e. about 2 divisions length of the capillarj’-, 
is drawn down onto the top of the blood and the rest of the capo'lic alcohol 
is removed from the cup. 

8. The cup is filled to the mark wth acetate buffer and the latter drawn 
down to the bottom of the cup. 

9. The cup is then immediatelj’- filled to the top with 45 per cent urea, 
and then closed firml}' with the finger. 

10. The closed apparatus is vigorous^ shaken in the horizontal position, 
the plunger being graduallj' drawn out as the CO2 and the other gases are 
evolved, the gas pressure being kept roughly at atmospheric. Tlie total 
volume evolved should be about 0.75 cc. If the amount is appreciablj' more 
or less than this, the concentration of KHCO3 in the ferricyanide reagent 
should be correspondingly adjusted. Shaking is continued for a total of 
2 minutes. 

11. The finger is cautiously released, the syiinge plunger being manipu- 
lated so as to keep the gas meniscus in the capillary. A small amount of 
urea is run down into the capillary and left there xmtil the walls are per- 
fectly clean. 

12. Three-quarters of the urea in the glass cup is removed, and the rubber 
cup adjusted and filled with p5Togallol solution without trapping air 
bubbles. 

13. A little pj'rogallol is dra^m into the syringe. This absorbs some 
CO2 and O2, causing a partial vacuum which quickly sucks in more pyro- 
gallol until only a small bubble consisting of N2 and CO (if any was origi- 
nally present in the blood) is left at the top of the sj'iinge. The absorption 
takes a few seconds and just before it is complete the residual bubble is 
screwed slowly and carefullj' up into the capillary by manipulation of the 
plunger. 

14. The rubber cup is removed and the glass cup is emptied. 

15. The capillarj' is placed for half a minute in a beaker of water at room 
temperature. 

16. It is then removed, dried by light wiping, care being taken that the 
capillarj' is not handled, and the volume of the bubble read, Vi divisions. 

17. The glass cup is flushed clean with water and left filled. About 
three-fourths of this water is pulled quicklj' down into the sjTinge, forming 
a layer on top of the heavier blood mixture (Fig. 1, A). The bubble, with 
clean water below it, is then at once run up to the top of the capillarj'. 

18. Tile glass cup is emptied of water and filled with Winkler’s solution. 

19. The sj'ringe is then pointed with the cup doivnwards, the- capillary 
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innkiiip a fOipht anplo willi llio horirontnl (I'ip. I, li). By cautiously 
scrowinp in tlic pliinpcr the pa.M luibhlc i.s driven out into (he plass cup where 
it, rest.s near the junction of the enpillary anrl the ruj). As soon as the huh- 
hie is free in the euj), ^Vinkle^’s solutioji is suckl'd hehintl it so ns to half fill 
tlie eaiiillary. Gentle rotation for a few secoiifis conijilctes the absorption 
of the CO. 'riio .syrinpe is (hen (iinied (o tlie vertical position with the 
cup downwaixl.s and the pas htihlde is .sucked luiek into the capillary ami 
its volume, 1’;, measured. 

20. To wash (he instrument, (he plunper is pulletl out uiuler a .stream of 
runninp water and the hlood mixture poured out. The .syringe i.s fillc<i 
and emptied several times with water hefore the iilunpcr is restored. Tlie 


II 



Fig. 1. A, capillary cleared of pyrogallol by drawing down water over the bubble; 
B, absorption of CO in the cup. 

plunger should never be forced inwards if there is a resistance due to pre- 
cipitates inside it. Occasionally the whole syringe should be rinsed ivith 
dicliromate cleaning solution. Reference sliould also be made to the 
description of the apparatus, procedure, notes, and figures git'en in Paper I 
on Os determination. 

Calculation of Results — Tlie carbon mono.xide content of the blood in 
volumes per cent equals (T^i — Fs) X /, where/ equals the correction factor 
for temperature, aqueous vapor pressure, and barometric pressure (see 
Peters and Van Slyke (3)). In COHb estimations at saturations below 8 
volumes per cent and at room temperature (22°) and sea level it is often, 
in practice, accurate enough to put/ =0 0. Tlic reasons why the correc- 
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tion is applied in the present analysis but not in the original paper are 
explained in Paper I on O 2 estimation bj' the micro gasometric method. 

Accuracy of Resulls — ^^\’'ith this method the spread of individual readings 
on a gix^en sample of blood is found to be only 0.2 to 0.3 x’olume per cent, 
as was also the case in the O* determinations. As Table I shows, the con- 
cordance with the results of a Van Slyke analysis (Horx'ath and Rough ton’s 
Method A modified) is equally good. The mean figures only are given in 
Table I. Samples I, J, K, and L gix’e the CO contents of the venous blood 
of four normal workers in the laboratory. 


Table I 

Mean Valve of Carbon Monoxide Content of Blood Determined by General Method 
The values' are given in volumes per cent. 


CO capacity of blood] 
Sjrringe method. 
Horvath and 
Houghton’s 
Method A 


Sample A 

Sample B 

20.4, 

20 . 5 o 

20.4, 

20 . 5 , 


Sample C 


19.47 


19 . 4 , 



Sample 

E 

Sample 

F 

Sample 

G 

Sample 

H 

Sample 

Sample 

Sample 

K 

Sample 

L 

CO content of blood 









partially satu- 
rated with CO 









Syringe method 

Horvath and 

14 . 4 , 

7 . 3 , 

3.0, 

1.67 

0.3, 

0 . 2 o 

0.2, 

0.2, 

Roughton's 
Method A 

14 . 4 « 

7 . 1 , 

2.9, 

1.6, 

0.3, 

O.U 

0.I7 

0.2, 



Combined Eslimalion of CO and 0; in Single Sample of Blood 

The Oj content of the blood is determined bj-^ means of steps (1) to (17) 
given for the estimation of O 2 in blood in Paper I. The glass cup and 
capillary are then thoroughly washed -svith water, filled with 'Winkler’s 
solution, and the CO content of the bubble determined by the method 
described in steps (17) to (19) abot'e for the general estimation of CO in 
blood. 

As a test of the method one sample of blood, i.e. Sample A, was aerated, 
Avhereas a second sample, i.e. Sample B, of the same blood was equilibrated 
nith N 2 containing 10 per cent CO. Two mixtures were then prepared, the 
firet containing 2 parts of Sample A and 1 part of Sample B, the second con- 
taining 1 part of Sample A and 2 parts of Sample B. Estimations of the 
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MlfllOKSTIMATIOS OK 01,000 OARHS. II 


CO mu! 0; coiitoiil of ill! fotir l)loo<l RiunpIoR wore imiflc i)y the combined 
mclliofl, topolhor with tvhitotifioiis !)>' flu* O; iiu’lhod alone of the Oj content 
of Smiiph; A, aiifi hy the Ct) inrthofl nionr! of the CO eontenta of all four 
blood Kuinides. 'I'he ri'snltM are pven in 'ruble H. It is Pcctt that there is 
Hatiafnetory nKn-cment bet woen tlie restilta of the Kincle niothod and of the 
coniirincd method, that the aiim of the (h and f'O contents of the four 
blood samples is reasonably constant, and that the 0- and CO contents of 
the mi.ved blood samples aRrei' well with the e.vpeetod fipnrcs, except m one 
case. 

Special Afrlhnd for Hlood Contniuiurj Small Amount!; of CO 

For most purposes an neeuracA’ of 5 to 10 per cent in the hlood volume is 
all tlint is \corfii airninp at, in view of the wiriahility of the physiolopcal 
factors. In dclenninations of the blood voinmo by the CO method it is 


TAni.r. II 

Eslimatioii of CO nnd 0; in Einglr Sample of Hlood 
The values are piven in vohime.s per cent. 


1 

nioo<l sample j 

Single 
' methcxl, I 
Oi 

content j 

Sincle 

methot!, 

CO 

content 

[ CombinH method 

0, 

CO j 

1 0i + CO 

1 

A 

22.25 

mm 

22.1 j 

mmm 

22.3 

B 



0.0 


22,1 

C (2 parts A -f- 1 part B) . , | 

1 


M.7 (15.0) 

' 7.3 (7.2) i 

22.0 

D (1 part A -b 2 parts B) . . 


14.5 

7.5 (S.O) 

1 14.3 (14.2) 

1 1 

21.8 


The figures in parentheses arc tlioso to bo expected from the proportions in which 
Samples A nnd B were mi.ved. 


an advantage if the CO content of the blood docs not exceed 2.0 volumes 
per cent. Tliis requires that the estimation of the CO content of the blood 
should be correct to 0.03 to 0.05 volume per cent. To obtain this accuracy 
with tlie sju-ingc technique it has been necessary to triple the volume of the 
blood sample (120 c.mm.) used for analysis, and also to make a few other 
changes, of which the most important relates to the absorption of Oj which 
is extracted, along with CO, fi'om the blood. The main point is that with 
the relatively large amount of O 2 liberated from 120 c.mm. of blood there 
may be an appreciable formation of CO during the pyrogallol absorption, 
unless the O 2 of the blood has been previously fixed by addition of weakly 
alkalme hydrosulfite. With 40 c.mm. of blood, as used in the methods 
previously described in the paper, no CO formation has been detected in 
control experiments. These mattei-s are considered more fully in “Ap- 
pendix I.” 
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Reagents — ^Those reagents described under the general estimation of CO 
in blood are used together with the foUouTng. 

Hydrosulfite-borate solution. A stock solution of 3 per cent borax 
(NaiiOy-lOHzO) is prepared. 1 gm. of Na2S204 is dissolved in 50 cc. of 
the borax solution and stored in a glass-tipped syringe. The final solution 
should not be kept more than 2 days. 

Procedure 

1 . The glass cup is fiUed with hydrosulfite-borate solution, which is drawn 
down to the bottom of the syringe, and then e.xpelled, leaving the dead 
space and the capillary filled vith the solution. 

2. The blood is draum down the capillary directly on top of the borate 
solution from a pipette calibrated to deliver 3 times the usual quantity of 
blood.* No eapiylic alcohol is needed at this stage. 

3. The blood is drawn dorvn to the bottom of the capillary and the 
syringe rotated horizontally round its axis so as to mix the hydrosulfite 
rvith the blood. 

4. The syringe is then restored to the vertical position and the blood 
solution brought to the top of the capillary. 

5. The glass cup is filled to the top with ferricyanide solution and the 
whole of this drawn down. 

6. 2 or more divisions of caprylic alcohol are placed on top of the ferri- 
cyanide solution in the capillary so as to protect it from contact vith the 
acetate buffer used in the next step. 

7. The glass cup is rinsed uith water and filled to the mark uith acetate 
which is then drawn dovm a few divisions below the bottom of the cup. 
The cup is then filled with water and closed at the top with the tip of the 
finger as soon as the few divisions of air have been expelled from the top 
of the capillary. The gases are then extracted in the usual way by 3 min- 
utes shaking. 

8. The syringe is then turned to the vertical position with the cup down- 
wards and the plunger pushed in so as to give a slight positive pressure. 

9. With the syringe held over a dish, the finger tip is removed from the 

* The standard pipette may be accuratelj- enough ealibrated to deliver thriee the 
usual blood volunie in the follondng way. The pipette is filled up to the mark with 
mercury and then manipulated so that the mercurj' column moves into the cylindrical 
part of the pipette. Its length is measured, and a second mark is scratched on the 
pipette at tudce this distance from the usual mark. Further precision has recently 
been obtained in the case of blood containing less than 2 volumes per cent of CO 
by use of 6 times the normal quantity of blood (t.c. two loads of the pipette calibrated 
to deliver 3 times the normal). To insure laldng of this larger quantity of the blood, 
the saponin is increased from 0.5 gm. to 1.5 gm. per 50 cc. of ferricyanide solution. 
This extra amount of saponin is also to be recommended as a safeguard in general. 



If 


.')W fo.v r>y fif.oon 

(op (if (he cup mul fltiiii i--' cxpcllcfi luifil (be rnniiscus i.s linlf ivnydown 
(]i(' capiUiify. 'riic }',iu^''’oti(aitiiut; par( of (lu' ^vririRf' rliamhcr must not 
1 k' (ouclicfi widi (he wjvnu hniuf. 

10. 'I'he pjnss cup is fillf't! (o (lie (op with wiifor ruKi (hen slanted down- 
wnnin and (he yas Ifiildde pushed (<> (lie end of (lie capillan'. Tlic blood 
mixture jfas.^es into (he (aip and si'ttle;-. (hrou(;h (he water. 

1 1 . With (he instniinent .slill alantiuK water i.-j .sucked into the capillaiy. 

Taiu.c. nr 

Utond Cnriiori M<y)iniiil<r hrtrririir.atioii by ,\fflhnd of ,\{]SliiTr.i 


Till’ viiliK’.H ore k'ivch in volntiie,<i per rent. 


Kxper- 

imcnl 

No. 


CO 

I 


Calcu- 


1 

Syringe netl’O'i 

: 

Vin 

Slykc 

meihotl 

Uttd 

CO 

1 

Sample A 

I 1ft. S, Ifi.O, JC.r, mean 





; 1G.8 




*' U 

i 0.5S,0.C0, moan 0.59 1 


3.29 


" C (1 pari A + 6 part.s 11) 

i 3,30,3.21, " 3.27 



'• 1)(1 " 11 + 1 pari C) i 

1 1.89,1.95, '* 1.92 


1.94 

2 

Snm]dc A' 1 

21.80, 21.90, mean 21. 85; 

21.80 



" 11' 

! 0.39, 0.3f), mean 0.38 

0.3G 



“ C'(l pari A' + 7i)artsll') , 

1 3.00, 3.00, 3.03, moan 

2.98 

3.95 



3.01 




" D' (1 " IP + 1 part C') 

1.C2, l.GS, 1.71, mean 

1.6G 

1.70 



1.C7 




Experiment S, CO Content of Normal Venous Blood from Various Individuals 



Sample A 

Sample B 

Sample C 

Sample D , 

Sample E , 

Sample F 

Syringe method 

Horvath and Houghton's 

0.2, 

0.3; 

0.1, 

0.2a 

0.5i 

0.3; 

Method A 

0.3, 

0.3, 

0.1, 

O.lr 

^ 0.5o 

0.3i 


Average discrepancy = 0.04 volume % 
Ma.xiraum “ = 0.09 " % 


12. The instrument is then restored to the usual vertical position with 
the cup upwards, and the latter filled with urea solution. 

13. The capillary is filled with urea solution and is left until the walls 
are perfectly clean. 

14. The COs and O 2 are then absorbed with pyrogallol and the remainder 
of the procedure is the same thereafter as for the general estimation of CO 
in blood. 

The CO content of the blood equals (Fi - Vi) X f/3. 













P. F. SCHOIANDER AND F. J. W. HOUGHTON 


559 


Accuracy of Method — This has been piTncipa% checked bj' the method of 
mixtures. One sample of blood, Sample A, was aerated and its verj’' slight 
CO content determined ; a second sample of the same blood, Sample B, 
was saturated with 10 per cent CO in N* and its CO content also determined 
accuratel 3 \ Accurately kno'n’n proportions of Samples A and B were then 
mixed together and the obsen’ed CO contents compared with those calcu- 
lated from the proportions in which Samples A and B were mixed. The 
results are given in Table III, Experiment 1. The concordance of dupli- 
cates and the agreement with the calculated figures show that the desired 
accuracy of 0.03 to 0.05 volume per cent is suceessfullj' reached. 

In a duplicate experiment (Table III, Experiment 2) all the CO contents 
were measured bj' the Van Sl 3 ’ke method as well. The concordance of 
duplicates and the agreement with the calculated figures is as good as in 
Experiment 1 and furthermore the checks with the Van Slyke figures are 
equally satisfactory throughout. 

In Experiment 3 of Table III the CO contents of venous blood from six 
subjects were measured both by the syringe and the Van Slyke techniques. 
The agreement is again seen to be satisfactory. 

DISCUSSION 

The syringe-capillary technique as first described by the writers (1) was 
mainly intended as a field method for the determination of the CO content 
of blood in subjects, exposed by reason of their occupation or other causes, 
to this gas. It has indeed alread 3 ' been used in an expedition on Mount 
Washington in which the formation of CO in tents and snow houses was 
studied (4). The accurac 3 ' attained in this preliminary work was ap- 
parentW high, owing to an accidental cancellation of errors of opposite 
sign. The fuller investigation now reported puts the technique on a more 
secure basis and makes it indeed applicable to various ph 3 'siological prob- 
lems in which CO is concerned and in which an accurac 3 ' several times 
greater ma 3 ’ be needed than in the determination of the content of CO- 
poisoned subjects. Among such problems, some of which have 3 'et to be 
fully worked out, are (a) the measurement of the blood volume (alread 3 ' 
mentioned), (6) the determination of the rate of CO uptake by man under 
various conditions, including the measurement of the diffusion constant 
of the lung, (c) the indirect measurement of the arterial O- pressure b 3 ' the 
method of Douglas and Haldane (5), (d) the question of whether and how 
man can acclimatize to CO-poisoning (Killick (6)), (e) the possibilit 3 " that 
small amounts of CO ma 3 ’ arise in the bod 3 ’ b 3 ' endogenous metabolism. 
The S 3 ’ringe-capillar 3 ’ technique has alread 3 ’ been applied or is being applied 
to problems (a) and (b), and max’ likewise have interesting possible applica- 
tions to some if not all of the other problems. 
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si^MMAnv 

Iinprovpmfiiln arc (le-irrilicd in the oripinni .‘■yringp-rnpillary procedure 
of Soliolandor and Koufriitrui for (In* micro pi.^otnetrie. determination of CO 
in blood. "Witli (he now (oeliniritie (he ii.«iinl rorrerdioas are necessary’ for 
leinpernlnre, arineoiiH vajHir pre.-'Siire, and barome(ric pre.‘i.‘inrc. \\itli 
blood .sample.^’ of dO e.intn., (he aeeuniey of a ."iinple de(onnina(ion is 0.15 
to 0.20 volume per eruit. With blood }:atni)le.s f>[ 120 e.rnrn. and a modified 
technique (he accuracy is increimed (o 0.0.'? (o O.Oo volnine per cen( and the 
method is therefore very .suitable for l)Iood voliinu; determination.s by the 
carbon niono.\idc method. A techniiiue ff)r tin- comirined determination 
of 0" and CO in a siny^le -10 e.inm. .‘'■ample of Iilood i.s also piven. 

AppnuHx } 

Notes on Oxygen Absorbents — 'I'iie coru'entional hydrosulfite-anthra- 
quinono sulfonate solution i.s not. entirely sati.sfactory when u-sed on 0; 
mi.vturos containing CO. Van Slyke and Xcill (7) .sliowed that when this 
reagent Avas added to blood, from which CO had been e.xtnictcd by action 
of ferricyanidc, a .small part of the CO is reab.sorbcd by the reduced licmo- 
globin foi-mcd bj’ the reducing action of NnSiOt on the mcthcmoglobin. 
In absence of hemoglobin CO appeal's not to be ab.sorbcd by hydrosulfite 
if Oj is absent from the gas phase, but if 0; is also pre.sent we have pre- 
liminarj'’ though not conclusive evidence that some CO may be absorbed 
as Avell.2 

A possible explanation of .such CO absorption is the combination of CO 
with alkali to foim foimatc. AVarburg, Kubou'itz, and Christian (S) have 
shoAATi that this reaction occum ver 3 ' slow^v at room tcmpei-ature but has 
a high temperature coefficient. Now the absorption of 0; by hydrosulfite 
is a stronglj' exothciTnic reaction and furthermore occurs principallj' at the 
gas-liquid interface, so that a verj' large local rise of temperature maj' occur. 
CO molecules hitting this hot alkaline surface film might accoi-dingly be 
able to form fomate at an appreciable rate. 

In view of this uncertainty we have abandoned hydrosulfite and have 
instead used alkaline pyrogallol solutions. These do not absorb CO but 
are open to the converse objection of evolving traces of CO. This tendency 
diminishes Avith the strength of alkali and pyrogallol used, but increases 
Avith the partial pressure of Oj and the time of contaet of the pj’rogallol 
solution Avith the gas phase.’ The CO is thus apparently a secondary 

’More recent tests Avith another sample of NajSjOj shoAved no detectable absorp- 
tion of CO from a gas mixture containing 20 per cent CO + SO per cent O 3 . Cata- 
lytic impurities in the hydrosulfite may perhaps be responsible for v.ariable effects. 

» Even Haldane’s concentrated pyrogallol solution (10 gm. of pyrogallol in 100 cc. 
of KOH solution, sp. gr. 1.65) when shaken for a minute or less Avith Oj at 1 atmosphere 
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product of the reaction between Oj and p3’rog3UoI. In our original micro 
gasometric method for CO in blood we used 5 per cent pj-rogallol in 10 per 
cent NaOH, ha\Tng foimd by controls similar to that given in foot-note 2 
that vdth fresh solution CO was not evolved to an appreciable extent. 
Subsequent tests, however, showed traces of CO occurring and we have 
therefore substituted the stronger and more alkaline p5TOgallol solution 
described in this paper. With the amoimts of Oj jdelded bj' 40 c.mm. of 
blood this pyrogallol solution has not been foimd to evolve anj"^ CO when 
used in the sjuinge technique, but on the other hand traces of CO appear 
again even with this solution when 3 times as much Oj-containing blood is 
used. In the latter procedure we have forestalled this trouble by reducing 
the blood with weakl3' alkaline h3'drosulfite before adding the ferricyanide, 
vith the result that onl3' ver3' small traces of 0* are subsequently axtracted 
into the gas phase, and consequent^' the secondar3’ CO formation from 
pyrogallol cannot occur. After step (9) in the special method for blood 
containing small amoimts of CO the. concentrations of Oj and hemoglobin 
still present in the S3rringe are so low that h3'drosulfite might possibly be 
used in place of p3'rogallol in step (14), but this we have not attempted, 
since h3'drosulfite is, in several respects, less eas3' to handle in the capillao’- 

Appendix II 
Br F. J. W. Roughtok 

Modification of Horvath and Houghton’s Method A — This method is the 
quickest and most reliable of those recent^" described b3' Hon'ath and 
Roughton (9) but has certain disadvantages. The daily deaeration of the 
various reagents is time-consuming and in the case of the fenic3’anide often 
seems to lead to loss of stabilit3', as is shown by rather rapid darkening of 
the solution. Furthermore, the 10 per cent NaOH, which must be used 
for COi absorption owing to the large alkali-binding capacit3' of the strong 
phosphate buffer used in the CO evolution, not onK' produces a rather 
gumm3' blood precipitate but also is ven' apt, when added to the low 
pressure gas phase in the chamber, to cause bubbhng and boiling (owing 
presumabb' to the lowered vapor pressure of the NaOH and the high heat 
of reaction with the strong phosphate). To avoid these difficulties we have 
replaced the phosphate buffer with the acetate buffer used above in the 
microestimation of CO in blood (Reagent 4), and mix 1 part of this solution 
irith 4 parts of 32 per cent IV)Fe(CN)8. The two solutions are aerated b3' 
gentle rotation with air for a few minutes prior to mixture and 1.0 cc. of 
this mixed solution is used for the CO evolution. The dissolved air in the 


pressure has been found to give off traces of a gas which is not absorbed by hj'dro- 
sulfite, but is at once absorbed by Winkler’s solution and hence is presumablj* CO. 
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l.'ittrr incron.^^os' tin; "c" cornTtion liiit only fo nbont 2.0 nun. of mcmin’. 
'I'lio mixlnro kroi).*^ its ,*i(til)ili(y ((uito v.tII. In.^ifoafl of 10 per cent NaOII, 
1.5 (■(’. of fully (le.'icrnted •} per rerjt NnfHI .‘fuflire for the (-0; absorption, 
wbicb i.« cnrricii on in (be U'iunl way; (here 1 *^ far le.'-a (rouble from precipita- 
tion iiiul bubblinp;. 'I’Ih! pnxTdun* i.‘< otlienvbe the .«.ame nfl in Ilon’nth 
niul ItoupbtonV iMelliod .V for (be followinp minor points: (a) 2 drops 
of rnprylie alcohol are u.'-'Cfl inslead of -I; (5) 2 per rent hydrosulfitc is dls- 
.•^olvcd in 5 per een( bonix^ in.«(ead of •! per cent borax; (c) the Van Slyke 
chamber i.^; each time most (borouplily cleaned with alkaline hydrosulfitc 
and if nccea.s-ary ‘15 per cent urea to rcmr)ve any rc-‘^idual blood precipitates, 
and 5 cc. of di.stillcd water are exmeimted in (ho chamber just before each 
e.stimation; (d) the dcaenitcd -I per cent NaOH is stored in a clean, diy 
burette, initially free of oil, which Is poured on (he .surface of the NaOH 
after it. has been slowly ( ransforred (o (he burette. I'liis avoids contamina- 
tion of the NaOII with films of air contnininp oil, ns may occur if the oil is 
already in the burette when the dcaenitcd XnOII is transferred to it. 

According to Horvath and Roughton the gas bubble remaining after the 
absorption of COj i.s com[)Oscd entirely of CO and N*; if so, the percentage 
of CO in this bubble should equal 100 X (pi — p; — c)/(pj — ?:)• 
the aid of the syringe we have been able to validate this a.ssumption directly. 
The dead space, the capillary, and glass cup of the syringe were filled with 
deaerated 4 per cent NaOH, 1 or 2 cc. of wliich were also placed in the cup 
of the Van Sly'ke chamber. The sy'ringe was tlicn inverted and its cup 
pressed fairly snugly against the bottom of the Van Slyke cup. The 
residual CO and Nj in the '\’'an Sly'ke chamber was brought under positive 
pressure, the tap at the top of the chamber cautiously opened, and the ga-s 
bubble driven through the tap into the top of the sy'ringe cup. If the 
bubble is small, the whole of it can be trapped in this way' in the syringe 
cup. The bubble was then drawn up into the sy'ringe capillary' and 
analyzed for O 2 , CO, and Nj by means of pyrogallol and IVinkler’s solutions. 
In two such tests the following results were obtained: 100 X fpi — p-z — c)/ 
(pi — Ps), (n) 66.3, (6) 33.3; per cent CO in bubble by' syringe analy'sis, (a) 
66.0, (5) 33.0. The O 2 content of the bubble Avas found to be negligible, 
in both cases. This combination of the syringe with the Van Sly'ke tech- 
nique may, in other cases also, enable the sensitivity' of the latter to be 
pirshed far bey'ond its usual limits. 
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MICRO GASOMETRIG ESTIMATION OF THE BLOOD GASES 

III. NITROGEN 

By G. A. EDWARDS and P. F. SCHOLANDER 
{From the Edward Martin Biological Laboratory, Swarthmore College, Swarthmore) 
AND F. J. W. ROUGHTON 

{From the Fatigue Laboratory, Morgan Hall, Harvard University, Boston) 
(Received for publication, February 26, 1943) 

In the present paper the syringe analyzer technique (1, 2) has been ap- 
plied to the determination of the dissolved nitrogen content of waier, blood, 
and other fluids. The method is very similar to, yet simpler than, the car- 
bon monoxide method, which has already proved its usefulness under 
laborator 3 ' as well as field conditions; e.p., in studies on the formation of 
carbon monoxide in tents and snow houses on Mount Washington (3). 

EXPERIMENTAL 

Apparatus — ^The apparatus is that described by Scholander and Rough- 
ton (1, 2). The pipette has two marks, being calibrated to deliver 3 times 
the amount used in the general CO method, as well as the ordinary amount. 
For the calibration of the pipette see the preceding papers (1, 2). 

Principle of Method — The blood is mixed in the syringe analyzer mth 
bicarbonate and acid phosphate. The evolved CO: provides a gas phase 
for the extraction of the whole of the dissoh'ed N: of the blood and reagents 
and for part of the 0:, but none of the CO. The CO: and 0: are then 
absorbed ndth alkaline hydrosulfite, and the bubble of N: which is left is 
measured in the sj'ringe capillarJ^ The reading, less a small blank from 
the reagents, is multiplied by the usual correction factor for temperature 
and pressure and the figure so obtained gives the N: content of the blood 
in volumes per cent. 

Reagents — 

1. Aerated distilled water. 

2. Capiylic alcohol. 

3. Bicarbonate solution. 11 gm. of KHCO: are dissolved in 100 gm. of 
water. 

4. Acid phosphate buffer. 95 gm. of NaH-POj-H-O are dissolved in 
100 gm. of warm water. The resultant volume is about 142 cc. at 20° 
and the strength about 5 m. 

5. 45 per cent urea. 

C. Hydrosulfite solution. 15 gm. of a mixture of sodium hj'drosulfite, 
10 parts, and sodium anthraquinone-iS-sulfonate, 1 part, are added to 50 
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500 
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cc, of 20 pi'r rt’ot KOII. This foliition flinold he made witli the least 
pop.dblo eoiitaininntion from iiii‘ and atored in a nihhcr-Ktopperwl bottle. 

Jtcafj;(>nfa 2 to •! are stored in well (rrea.'^ed 2 ee. syririRe-s provided with 
glass tips. Reagents 5 and 0 may host ho stored in 10 cc. syringc-s providcfl 
with glass lips. 'I'lie distilled water may host he stored in a bottle with 
nihhcr tubing and glass nor/.le hanging down over the apparatus. 

Blood Bninph'n— Great e.aution must be ex(>rci.sed in handling blood of 
low Nj content, as contamination with atmospheric nitrogen occurs rapidly 
due to the high gradient of ncarh* 5 of an atmosphere. Generally the 
anaerobic syringe technique described in I’aper I is preferable, but occa- 
sionally, a.s in the case of finger blood .samples, the itfook technique (*1) or 
a modification may be used (5). 


Procedure 

] . Tlic .S3’ringc is held verticalK*, and any lifiuid in the cup of the .syringe 
is withdrawn. The plunger is pushed up and the syringe cup filled with 
the bicarbonate solution. The solution is then drawn down into thcsj’ringc 
barrel, the plunger being pulled practicall}’ the whole waj’ out. The 
plunger is then pushed up without anj* air bubbles being trapped, and the 
bicarbonate withdrawn from the sj'ringe cup. This step is repeated once 
more. The dead space in the sj'ringe normally contains enough bicar- 
bonate to give 0.75 cc. of CO- on subsequent treatment witli the acid buffer. 
If the evolution of CO- is insufTicicnt, it maj' be ncce.ssarj' to change the 
strength of the KHCO3 slightlj' to give the desired amount of gas phase. 
No grease or oil is used in the sj-ringc. 

2. The walls of the syringe cup arc dried with a roll of cotton or filter 
paper and a drop of caprjdic alcoliol placed in the bottom of the cup without 
trapping air bubbles. 

3. The blood is measured from the pipette into the capillarj' under the 
caprylic alcohol (as in step (4) of Papers I and II on 0- and CO determina- 
tion by the syringe method) and drawn down into tlie sj'ringe until the 
upper end of the column of blood is 2 mm. below the top of the sj'ringe 
capillary, with a small bubble of air above it. Care must be taken that 
no caprylic alcohol is draATO down with the blood. Tlie pipette is then 
removed, the air bubble is e.\pelled through the alcoliol bj' gentlj' screw'ing 
up the plunger, and 2 divisions of caprj'lic alcohol are left on top of the 
blood in the capillary. 

4. The cup is filled to the mark -with the acid buffer and the latter drawn 
down to the bottom of the cup. 

5. The cup is filled to the top with urea solution and is closed firmly with 
the finger. 

6. The syringe is shaken vigorously for 2 minutes in the horizontal posi- 
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tion, the plunger being \vithdra'«Ti as the CO 2 is evolved. The gas pressure 
in the syringe must be kept at atmospheric. The volume of the gas finally 
evolved should be 0.6 to 0.75 cc. 

7. The finger tip is cautiously released, the plunger being manipulated 
so as to keep the gas meniscus in the capillary. 

8. The urea solution is drawn down to the bottom of the capillary' with- 
out being allowed to enter the syringe barrel. This prevents subsequent 
contamination of the capillary wall with precipitates from the blood. 

9. The syringe is held in the vertical position, the rubber cup attached, 
and about 1 cc. of the hy'drosulfite solution added without trapping air 
bubbles in the syringe cup. 

10. A little of the hydrosulfite is gently' drawn into the syringe, creating 
a vacuum which sucks in the rest of the solution needed for absorption of 
the CO 2 and such traces of O 2 as are present. 

11. The bubble is pushed up into the lower part of the capillaiy'. The 
hy'drosulfite is sucked out of the rubber cup and the latter detached. The 
syringe cup is then filled mth water, three-fourths of which is drawn down 
over the bubble, lay'ering itself on top of the blood mbcture. 

12. The bubble is pushed up into the clean capillary very gently' and 
the capillary is placed in a beaker of water at room temperature to bring 
about temperature equilibrium. 

13. The syringe is removed from the beaker, dried by' light wiping, care 
being taken that the capillary is not handled, and the volume of N. read, 
Fi divisions. 

14. To wash the instrument, the plunger is pulled out rmder a stream of 
running water and the blood mixture poured out. The sy'ringe is filled and 
emptied several times with water before the plunger is restored. The 
plunger should never be forced inwards if there is a resistance due to pre- 
cipitates inside it. Occasionally' the whole syringe should be rinsed with 
dichromate cleaning solution. Reference should also be made to the 
description of the apparatus, procedure, notes, and figures given in Papers 
I and II on O 2 and CO determination. 

Blank — The reagents contain a small amoimt of gas which is evolved 
during the analy'sis. The amount of N. therein is determined by' running 
through the experimental procedure, with step (3) omitted (the introduc- 
tion of blood). Some difficulty' may be encountered in first determining 
the blank, since in the blood analy'sis the blood has a damping effect upon 
the reaction between the bicarbonate and the acid, so that the CO 2 is not 
evolved for 10 or more seconds after the acid is drawn dorni into the sy'iingc. 
In the blank analy'sis, on the other hand, the reaction begins immediately 
when the acid comes in contact with the bicarbonate and hence some 
bubbles of gas belonging in the syringe may' be lost to the outside. To 
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avoid tills difliciilty ono nuisl («) riiak*: surr that tho 2 divisions of cnprj'lic 
alcohol arc not. washed out when the ae.id is put in the cup, (6) draw the acid 
down into the syringe harrel ((uiekly, (e) fill the eiiii with urea solution 
immcriiately after the acid is drawn down, and then clamp the finperovor 
the. glass cu{) at once. 

As an easier hut li'ss direct alternative, the same [iroeediirc as with blood 
may he followed through witii acnvterl distilled water, with, however, only 
one-third the volume of the water; i.r., to the first mark on the pipette. 
Tlic blank is tlicn crpial to 

I', - 1.2// 0) 

where is the uneorrccted N- rcarling, / is the correction factor for tem- 
perature, aqueous vapor prc.ssurc, and hammetric pressure (sec Peters and 
Van Slyke (G) p. 120, Table 15), and 1.2 is tho solubility of atmospheric N- 
in wafer in volumes jier cent at room temperature (22°). 

In our experiments the blank has been found to he constant and of the 
order of 1.3 to 1.5 \mits on the capillarj*, depending upon the instrument 
used. 

Calculation of Results — The nitrogen content of the lilood ccpials 

(P. - c) X //3 (2) 

where c is the blank correction for the nitrogen content of reagents. 

Accuracy — ks a basic check of the mctliod we have used aerated distilled 
water, the nitrogen content of which can be calcidatcd from the solubility 
coefficients given in the physicochemical fables. Table I shows that the 
spread of individual values is not more than 0.03 volume per cent and the 
means agree e.xactly vdth the calculated figures, both at 21° and 34°. 
Similar checks were also obtained with the centrifuge method of Scholander 
(5). In the case of blood most of the checks were carried out on the 
nitrogen content of anaerobically drawn venous blood (see Tabic II)- 
The spread of individual readings is seen to be 0.05 volume per cent at most 
and the agreement of the means with readings obtained ndth the centrifuge 
method is within 0.03 to 0.05 volume per cent. In a single check with the 
Van Slyke technique good agreement was found. 

To test the method on blood of low nitrogen content a few cc. of blood 
were equilibrated with oxygen in a syringe. Measurements were made 
on this blood and also on an accurately prepared mixture of equal parts of 
it and venous blood. The low nitrogen-containing blood was stored in 
a syringe and transferred to the pipette in the manner described for blood 
samples of low oxygen content (2). Table II shows that the measurements 
of the oxygenated blood are concordant to within 0.03 volume per cent of 
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Table I 


Conlenl of Dissolved Nt in Dislilled Water by Present Syringe Method and 
Centrifuge Method 


Temperature of aerated 
distilled water 

Syringe method, 

Ks content 

1 

^ Theoretical value 

Centrifuge method. 

Ns content 

•c. 

re/, per cent 

tcj, per cent 

toj. per cent 

21 

1.20 

1.20 

1.20 


1.20 


1.19 


1.22 




1.20 



34 

1.00 

0.99 

0.99 

1 

0.97 1 




1.00 




Table II 


Dissolved Nitrogen in Blood by Different Methods 


Blood 

Syringe 

method 

Van Slyke 
method 

Centrifuge 

method 

Discrepancy 


wl. per 
cent Ns 

tot. per cent fft 

1 tot. per cent Nt 

1 tot. per cent Nt 

W. L. Aerated blood at room 

1.16 


1.14 

0 to +0.03 

temperature 

1.17 





1.14 




W, L, Venous blood at body 

1.03 


1.03 

-0.02 " +0.02 

temperature 

1.07 


1.03 



1.03 





1.03 





1.03 




G. A. E. Venous blood at 

0.99 


1.00 

-0.02 “ +0. 3 

’lody temperature 

0.98 

1 




0.99 





1.03 





1.00 





1.02 





0.99 




L. M. Venous blood at body 

1.06 


1.02 

-0.01 “ +0.04 

temperature 

1.05 




i 

1.06 





1.03 





1,05 




E. Sample A, venous 

0.97 

0.95 

0.96 

+0.01 

blood at body temperature 



0.96 


L. M. Sample B, blood 

0.11 


0.13 

0 to -0.03 

shaken tvith oxygen 

0.14 





0.12 




L.M. Mixture of 1 part A + 

0.S2 

Calculated value. 0,55 

0 “ -0.03 

1 part B 

0.S5 


i 
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each other and M’ith the Van Slyke and centrifupe rcadiriRS, In the case 
of the mixed l)lood the ayrintce analyzer readin^M riieekcd excellently aith 
the ealcidatcd fi(!;iire. 

In the Van Slyke analy.'^'v; 2 re. hlood aamplea acre used. In the S3'ringc 
and the ecntrifiipo anah’f'Oa onl\‘ 120 r.min. were iiserl and therefore these 
methods arc nearly 20 times as sensitive as the fonner. 

The absolute values found for venous hlood in these experiments agree 
almost exnctl.v with the xmlue given for hlood aerated at .38° hy Van Slyke, 
Dillon, and Ivlargaria (7) and with the values determined in previous 
experiments b}' the centrifuge method for anaerohicalh' drawn finger hlood 
and saliva (Scholandcr and Ddwards (S)). 

Notes — ^Thc addition of Winkler’s solution to the residual nitrogen bubble 
has in no case shown any presence of carbon monoxide, though in some 
tests the carbon monoxide content of the blood was as much as I volume 
per cent. In the absence of ferrieyanidc, acid alone docs not apparently 
enable appreciable amounts of carbon monoxide to be eliminated from the 
hemoglobin imder the conditions of our experiments. 

Hydrosulfitc was used in place of pyrogallol as the oxygen absorbent to 
avoid danger of formation of carbon monoxide bj’ inTognllol in the presence 
of oxygen. The possible disadvantages of hydrosulfitc referred to in our 
previous papers (1, 2) do not arise in this case. 

The monobasic sodium phosphate buffer has a lower sohibility coefficient 
for gases than the acetate buffer used in the carbon monoxide and oxygen 
determinations and lienee contributes less nitrogen to the blank. 

OISCUSSION 

The results and tests reported in this paper show that the syringe-capil- 
laty technique is xpiite suited to the detennination of the dissolved Ns 
content of blood and presumably other biological fluids. It can thus be 
applied to several pi-oblems in respiration physiologj'. 

Van Sb'kc and his colleagues (see Peters and Van Slyke (G)) have shown 
that a xvide range of substances can be estimated by the Van Slyke gaso- 
metric technique by causing them to enter into reactions in which an equiv- 
alent amount of gas, c.g. CO 2 or N 2 , is finally liberated. il'Ianj’’ of these 
substances, especiallj' those xvhich are made to jdeld an equivalent amount 
of Ns gas {e.g. urea, amino N, sugar, iodates, and sulfates) can probablj’’ be 
estimated also by the syringe-capillary technique. Sandkuhle, Kirk, and 
Cunningham (9) have recently described a micro adaptation of the Van 
Slyke manometric apparatus to the determination of amino nitrogen. We 
are at present investigating whether, with modifications of their technique, 
the syringe-capillary can be used for the same purpose. 
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SUMMARY 

The syringe-capillaiy method of Seholander and Roughton is adapted 
with minor modifications to the measurement of the dissolved N 2 content of 
blood, water, and other fluids. The volume of fluid required for a single 
determination is 120 c.mm., the time of observation is 6 to 10 minutes, 
and the accuracy ±0.05 volume per cent. 
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The sjTrmge analyzer methods for the determination of O 2 , CO, and N 2 
(1—4) all depend on the extraction of these gases with COj generated by 
the reagents, and the easy removal of this gas by alkali. The same prin- 
ciple can be applied to the carbon dioxide of the blood only if some gas 
other than CO 2 is used as the extracting medium. We have tried several 
possible gases, e.g. CO, NO, SO 2 , and H^, but in each case have met with 
such serious diffi culties that no practicable method with any of them has 
so far been attained. Carbon dioxide is, by comparison, ideal as an ex- 
tractant for the microestimation of the other blood gases. 

The convenience of the micro syringe method made us loath to abandon 
the possibility of using it for micro carbon dioxide determinations. We 
therefore investigated the feasibility of vacuum extraction in the syringe, 
bearing in mind that minute leakage of atmospheric air would be unim- 
portant since it contains less than 0.1 per cent CO 2 . With the technique 
to be described below the leakage is checked and offers no problem. The 
reabsorption of CO 2 is a special difficulty and it is mainly on this account 
that more skill is needed than in the technique for the less soluble gases. 
The accuracy, as would be expected, is somewhat less than in the previous 
estimations, but in spite of this the method has proved, in our hands, verj’’ 
serviceable. 


EXPERIMENTAL 

Apparatus — 

1. The syringe analyzer and pipette with ground tip as described in the 
preceding papers (1-4). 

2. Rubber-tipped wooden plug to seal the capillary during the vacuum 
extraction. The end of a round toothpick is dipped in rubber latex and a 
small drop left on the tip. It is dried, tip downwards, at a moderate tem- 
perature in a drjTng oven. .About 1 inch of the coated plug is used (Fig. 
l.A). 

3. A spacer forholding out the syringe plunger in a fixed position during 
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Mic vncuiim cxlrnrlion. A pirn* of lip)if «lirot rnctnl nboiit 1.6 cm. wide 
and 6. .6 nil. loiif; ia foldn! info a I'-Hliapnl rli.nnnrl. To apply the vacuum 
one end of (he spacer is pres;;e<I urjainsf (he expanded lower end (liutton) 
of flic plunper and the lalfor is then drawn out until the other end of the 
spacer presses apainst (he butt eiul of tin* syrinpe barrel. 'Hie length of the 
spacer i.s so adjusteef as to give a pn.s phfi.se of about 0.76 cc. in the barrel 
(FiR. 1, /i). 

Prmdplr of Mrlhwl — Tiie. blood sample and acid buffer arc vncuuni- 
cxtractcd in (he syrinpe by closing the capillary with the nibber-tippcd 
plug and drawing the plunger out to the position fixcfl by the spacer and 
then .shaking for 2 niinutc.s. 'I'ho vacuum is relc.a.sc<l by letting in the 
plunper and the volume of pas i.s nieasurnl before and after absorption with 
alkali. Rcabsorjition of the COj during the comprcs.sion is checked by (1) 
using an acid bufTcr reagent of minimal CO; .solubility, (2) clearing the 



Fig. 1. a, rubberized wooden plug for vncuum-senling the glass cup; B, spacer for 
keeping the plunger e.xtcnded in a fixed position during the vacuum extraction. 


capillary of liquid before the shaking begins. When the plunger moves up, 
the whole of the gas therefore goes directly into the well drained capillar}', 
so that during the final stages of the contraction, when the pressure of CO; 
is approaching atmospheric, the gas is only in close contact witli the minute 
amount of liquid contained in the drainage films on the walls of the capil- 
lary. 

Reagents — 

1. COj-free distilled water. (Ordinarj’- water can be freed of CO; by 
boiling with a drop of H;S 04 .) 

2. Caprylic alcohol. 

3. Acid buffer. 95 gm. of acid sodium phosphate, NaH;P 04 -H; 0 , are 
dissolved in 100 gm. of warm water to make an almost saturated solution. 
The strength is about 5 m, and the solubilit}’’ of CO; therein is only about 
one-twelfth that in water. 

4. 10 per cent NaOH. 

5. Glycerol. 
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Reagents 2, 3, and 4 may best be stored in 2 or 5 cc. syringes with glass 
tips attached. The glycerol is best kept in a 2 cc. syringe having a No. 20 
needle, the point of which has been ground off. The distilled water may be 
stored in a bottle with rubber tubing and glass tip attached hanging above 
the bench. 

Blood Samples — Finger prick samples of blood may be obtained anaero- 
bically by the technique of Mook (5) (see also (6)). If the arm is warmed, 
one can, in this simple way, obtain blood which is practically arterial. 
(See also the sjringe technique in Paper I on oxygen estimation.) 

Procedure 

1. The clean syringe is taken apart and the water shaken out of the 
barrel and the plunger dried. The rear part of the plunger is lubricated 
■with a few streaks of glycerol and returned to the moist barrel. 

2. The cup is filled with distilled water and the latter is drawn one-fourth 
down the barrel and expelled through the cup, leaving the dead space of 
the syringe full of water \vithout trapping any air bubbles. 

3. The plunger is pulled out veiy^ slightly so that the water meniscus at 
the bottom of the cup is lowered 1 or 2 mm. down into the capillar}% 

4a. The blood pipette is held against the opening of the capillary, trap- 
ping a small air bubble. The blood is drawn down very slowly into the 
capillary, the air bubble separating it from the water. 

4b. If the blood supply is ample, the quickest procedure is to drj' the cup 
rrith a little cotton on a toothpick and then half fill it with blood, trapping 
the small air bubble in the capUlarj'. The blood is then drawn down into 
the capillarj', the top layer being used as a protective against CO 2 loss. If 
the blood is stored in a syringe, it is convenient to attach a capillary glass 
tip to the nozzle and then, after good nuxing and discarding of a few 
drops through the tip, the cup is filled to the mark directly from the sy- 
ringe tip. 

5a. With the blood meniscus at the 30 or 35 mark, the pipette is detached 
and the blood in the cup sucked off. The upper blood meniscus is slowly 
moved to the zero mark and the amount of blood read, 6 di\'isions. 

5b. As an alternative procedure the blood is moved down to a special 
mark scratched at 33.3 divisions. With a fine suction tip the upper menis- 
cus is adjusted exactly to the zero mark, the lower miniscus of the blood 
being simultaneously kept at the 33.3 mark. In this way exactly one-third 
of the normal pipette load is used and the volume of CO- found has, after 
the usual correction for temperature, etc., simply to be multiplied bj' 3 to 
give the CO- content in volumes per cent. 

6. A drop of caprj-lic alcohol is deposited on the bottom of the cup and 
the bubble of air above the blood ejected through the capillary with the aid. 



570 


Micitoi'-jiriMATioN or iu.ooi) oASiF.a. iv 


if noccMsiir>', of n 1)1000 of fine wiro. 2 <livi.-<iof)«i of onprj'Iio nicoliol nrc then 
dniwn down onto Iho lop of Iho hlood in llio onpillnn'. Tiic rcinnlndcrof 
l!ic oaprylic niooliol in (lio oiip in roniovod. 

7. Tlio onp i.s fillod to (lio nmrk witfi noid |)IiOHpliafc whioli i.s then pulled 
down voiy alowly info flio ayrinp' tinfil tlio iippor inoni>oufi is 2 mm. below 
Ibc bottom of tUo. wjp. 

S. 'I’lio nibbor ond of tlio woodon pliif; in rnoistonod with the phosphate 
buffer and, with a few drops ndlioriiiK to it, i.s in«ortod in the bottom of the 
cup, trappiuR a .small air bubble, 

9. With the pluK re.stiuK loosely aiiain.st Iho bottom of the cup, the air 
bubble is pontly screwed up until it touches the rubber tip. The plug is 
then pressed against the bottom of the cup, leaving the air hiihhle in direct 
contact with the rubber (Fig. 1, .1). The free lower end of the plug is 
covered b}- the drop of phosphate. The capillary is kept closed in this way 
during steps (10) to (IG) with the left h.and. 

10. Fresh glycerol is introduced into the ])lungcr bearing with the right 
hand. 

11. One end of the mehal spacer is put in place around the plunger under 
the plunger head, the right hand being used, and is held there with the 
other ond sticking out at an angle. The enj) end of the syringe is pointed 
slanting upwards and kept upwards during sto[)s (12) to (15). 

12. With the spacer and flic plunger button held, the plunger is slowly 
moved out in such a way that the fluid meniscus under the stopper movc-s 
down the capillary very slowlj' and evenly just as for a reading. When 
the capillary and its barrel opening arc cleared and drained of the fluid, 
the plunger is drawn slowly out, the free end of the spacer being simultane- 
ously moved in until it rests against the butt of the syringe barrel (Fig. 
1 , B). 

13. Gb'cerol is added to the plunger bearing. 

14. The syringe is shaken with the cup end upwaids so as to prevent 
any fluid from blocking the entrance to the capillary. If, nevertheless, the 
capillary should become bridged over, it can be cleared by warming up the 
capillaiy with the hand. Shaking is continued for 2 minutes. In case of 
foaming the plunger is released so that the fluid and e.\-tracted gas are com- 
pressed into the top part of the syringe barrel where there are normall}" 
residual traces of caprylic alcohol. When the plunger is drawn out again, 
the foam generally disappears. 

15a. With the entire capillary free from fluid, the plunger is pulled out 
slightly so as to allo\v the spacer to fall out. The plunger is then allowed 
to rise up within the barrel at a controlled but rather rapid speed until the 
lower end of the meniscus is inside the capillary and the pressure of the gas 
is at atmospheric. 
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15b. If the entrance to the capillary should get bridged by fluid while the 
plunger is being let in, the speed of the plunger must be so adjusted that 
the bridge moves very slowly up the capillarj’-, thus enabling proper drain- 
age to take place. 

16. 'When the gas bubble is at atmospheric pressure, the plug is removed 
and the upper meniscus moved slowl 3 ’' and evenl 3 ' to the zero mark. 

17. The capillary is placed for | minute in a beaker of water at room 
temperature. It is then removed and dried b 3 " light wiping, care being 
taken that the capillar 3 ’ is not handled. 

18. The volume of the bubble is read, Vi dhusions, without an 3 " imnec- 
essar 3 '’ adjustments, as this ma 3 ' lead to appreciable reabsorption (the 
capillar 3 ' should have been properl 3 ' drained during step (12)). If the 
bubble is broken b 3 ' a bridge, subtract the length of this from the total 
reading. 

19. The cup is filled to the top with water and three-fourths of the latter 
is pulled down into the S3Tinge, forming a la3’er on top of the blood mixture. 
The bubble is returned to the capillai 3 ’ with water beneath it. Owing to 
absorption of COs by this washing, the bubble is much shorter. 

20. The cup is filled with 10 per cent NaOH, the cup pointed down- 
wards, and the'bubble e.xpelled into the alkali, some of which is drawn into 
the capillar 3 ’ as soon as the bubble is free. 

21. The cup is pointed slight^' down and rotated a few times so as to 
complete the absorption of CO*. The S 3 ’ringe is then returned to the verti- 
cal position with the cup downwards and the gas bubble sucked back into 
the capillar 3 '. 

22. The temperature of the capillar 3 ' is again adjusted and the bubble 
volume read, Fj. 

Reference should also be made to the description of the apparatus, 
procedure, notes, and figures given in Papers I and II on 0; and CO 
determination (2, 3). 

Notes — The procedure given in steps (3) to (6) is necessai 3 ’ to secure 
complete drainage of blood down the capillar 3 ' wall: the caprA’lic alcohol 
which follows the blood not onl 3 ' acts as an antifoam agent, but also seems 
to aid in drainage b 3 " “picking up” residual traces of blood from the capil- 
lat 3 ' wall, provided it is sucked down ver 3 ’ slowh-. Complete drainage is 
essential both for accurac 3 ' of blood volume deliver 3 ' and for prevention of 
formation of blood coagula on the walls of the capillan- when the strong 
acid phosphateTjuffer is introduced in step (7). 

The final volume of blood solution in the barrel is usualh’ about GO to 70 
c.mm. and the solubilit 3 - coefficient of CO; therein is about 0.12 at 22°. 
Since the volume of the e-xtracting phase is about 700 c.mm., the proportion 
of unextracted gas at the end of the shaking is onK- 100 X 0.12 X 70/700 = 
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1.2 por cent. The ri'nlirorjitinii of C’O: diiriiu: (lu- roinijra^sion to ntraos- 
jihcric prc55uro i.'i, a;; ‘ilanva latar, pmrfically nrstlitcilila in .a |)ropcrly con- 
ducted dctenniiintioii. 

Owinp to the viiicosity of llio concentrated plio'ipiiafo huffor, bubbles of 
gas must bo moved V('ry slowly wilbiii ibo cjipillnp.' if vnrinblc drainage 
errors .are to lu- avoiflod. Tlio n{iuooii*; v/ijior pros-iiro over the pliosphatc 
is about "I mm. lower than over pure water at 22\ but tbo Iragth of a given 
air bubble is found to l>o tbo .came, within error, when me.asurcfl in the 
capillary over the pliospliato and over water. Presumably the effect of 
tlic lowered vajior pressure in the e.ase of the pliospbatc is balanced by 
slightly larger drainage fdms of this relatively viscid solution on the walls 
of the capillar}’. 

Calculation and Accuraci/ of flmults — 'J’bc CO: content of tlic blood was 
first calculated without alIo\vance for incomplete extraction of C0> during 
shaking and for rcabsor])tion during compression. 

100 ,,N 

CO, content so cnlculnted •» (f'l — I’.) X / X 

\vhere and arc the respective readings, / is the correction factor for 
temperature, aqueous vapor prassurc, and btiromctric pressure (sec Peters 
and Van Slyko (7)), and h is the volume of blood e.vprcsscd as the number 
of capillar}' divisions. 

Table I gives a scries of results on the COj content of 13 c.mm. of three 
samples of normal venous blood. The spread of duplicates is not more 
than 1 volume per cent, cxcei)t in one case. The average values are seen 
to be 1.5 per cent lower than the corrasponding determinations on 1 cc. 
samples by the usual Van Slyke technique, wherein full allowance is made 
for reabsorption and incomplete extraction. V'c therefore assume that 
the results calculated by Equation 1 must be multiplied by an empirical 
factor ‘'i” of 1.015 to allow for reabsorption and incomplete extraction in 
the syringe technique. Since, as already shon-n, 1.2 per cent of the total 
COs is unextracted, the percentage reabsorbed must only be 1.5 — 1.2 = 
0.3 per cent. This is only about one-sixth of the reabsorption factor in 
the Van Slyke technique, Avherein, however, the blood solution with -which 
the gas phase is in contact during compression has a solubility coefficient 
for CO: about 7 times greater. The final equation for calculating the CO? 
content of the blood is as follows: 

100 

COj content in volume % = (Fj - F.) X / X -r- X t (2) 

o 

where 2 = 1.015. 

Table II shows checks by the method of mixtures together with tw<. 
ftmther comparisons wdth the Van Slyke method at lower CO 2 contents. 
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The mean results only are given, the spread of duplicates again being not 
more than 1.5 volumes per cent. The agreement is again satisfactory. 

From the results of Tables I and II we conclude that a properly con- 
ducted S 5 Tinge determination is accurate to 1 volume per cent, which is 
quite sufficient for most physiological purposes. We have also carried out 
similar checks with bicarbonate solutions, but less satisfactory results 
were obtained, probably owing to poorer drainage conditions in the capil- 
lary. We have not yet tested the method on plasma or serum. 


Table I 

COt Content of Venous Blood by Syringe and Van Slyke Methods 


Syrm|e method (unccrrected for 
reabi»rpuoa and incomplete extraction) 

Vaa Slyhe method 


Tol. per cent COt 

Tol. per cent COt 


52.8, 53.8, 52.8, 53.6, mean 53.2s 

54 . 1 , 54 . 2 , mean 54.1, 

4.017 

53.2, 54.8. 54.2, 55.3, 55.6, mean 

55.0, 54.7, 54.8, mean 54.8, 

1.003 

54.6, 

56.8, 56.2, 56.8, mean 56.6 

57.3, 58.3, 58.4, 58.0, mean 

1.026 

58.0 

1.015 (Mean) 


Table II 

Mean Values Obtained by Method of Mixtures 



j Syrmge method 

Van Slyhc method 







to/, per 
cent COt 

55.5 

to/, per 
cent COi 

to/. Per 
cent COt 

54.8 

to/. Per 
cent COt 


10.5 


10.0 



32.6 

33.0 

32.7 

32.4 


33.4 

33.6 


6.5 


6.9 

1 



DISCUSSION 

The technique for microdetermination of CO* in blood requires greater 
attention to detail and more practice than do the micro techniques we have 
pre\'iously described for O 2 , CO, and N;. .\s hinted in the introduction, 
we hoped that it might have been possible to use some other gas such as 
CO, SOj, HiS, or NO for extraction of the CO; in jilace of vacuum e.xtrac- 
tion. All these gases can be generated from appropriate reagents in the 
sj-ringe, and controls have indicated that by using very concentrated 
acid-absorbing solution for removing them it might be possible to keep 
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the pimultntinniM ivl>;orptioti of (he ox{rnotr(l ('0; hnlow ti per cent. Un- 
fortuimloly, Imwovor, CO, SOj, nnd NO nro only readily generatcfl at pH 
vnlue;! .‘■o ncid (lint nljjcelioiinlde blood iJreeipit.ife.'! are formcfl in the sy- 
ringe, where.'i!! in (ho r.a5>e of II^S nil (he nhsorhent-*^ so far tried pnxlucc 
cqnnlly tronble.^onie preei{)itato?i cither of colloidal .‘'•nlfiir or of metallic 
s'ulfidca. 'I'he probletn m no( llopele^!.^ but oiir prelimitian' (rink make us 
doubt (he fea.‘^ibili(.y of any tnelhod on the.;n line.H uhich would be, in prac- 
tice, any .sinijilcr than the vacmiin metl\o<l de.-crihed in (hi.s paper. 

The principle of ti.sing (he rnpillnry it'mlf to niea-siirc the blood volume 
may also be applicable (o (he mienxletennination of O; nnd CO in blood if 
the capillary i.s lengthened .so a.s to include 100 instead of 30 divisions. 
This change would have the advantage of eliminating the need for capil- 
larie.s of .slandarti uniform bore with pipettes calibrated to match; the 
apparatiKs would then certainly bo cheapened, but it remain.s to be seen 
how the ca.se of manipulation would he alTected. 

SU.MM.\ItV 

The syringe-capillary method of Rcholandcr and Roughton i.s modiric<l 
to permit of vacuum extraction of bloorl mixtures in the .syringe. In thi.s 
way the CO- of the blood, after addition of conccntnrtcd ncid buffer, is 
evolved and mca.surcd in the capillary. Tlic volume of blood for a single 
determination i.s only 13 c.mm., nnd the time required Is 0 to 10 minutes. 
The accuracy is about ±1 volume per cent, which is adequate for most 
physiological purpo.scs. 
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DETERI^IINATION OF DIHYDROXYACETOXE IN BLOOD* 

Br WILLIAM J. TURKER, BERNARD H. KRESS, akd 
NOI»LAN B. HARRISON 

(Fro7n the Research Unit Laboratory, Veterans Administration Facility, Northport, 

New York) 

(Received for publication, March 31, 1943) 

AVe have been investigating the role of trioses as intermediates in carbo- 
hydrate metabolism. One phase of the problem was to determine whether 
there e.\ists in blood a measurable quantity of dihydroxyacetone. 

Retiew of the literature revealed several methods of estimating dihy- 
droxyacetone in blood, and these were first examined. None proved satis- 
factory (1-5). 

Campbell (G) introduced reduction of an acid phosphomolybdic acid 
reagent and determined the reduction by an end-point with KMnO<. His 
method was found satisfactorj’ b}' McClellan (7) and by Spoehr and Strain 
(8). However, Campbell found that oiher substances in blood brought 
about reduction in his reagent and he corrected this by the use of a large 
blank. 

"We have re\Tsed Campbell’s method by remo4ing some reducing com- 
pounds, determining the reducing values of an arbitrarj’ hj^pothetical blood 
filtrate, and using an oxidizing agent which gives a clearer end-point. 

Method 

Phosphomolybdic add is made up according to the directions of Campbell, 
except for filtration of the solution before the phosphoric acid is added. 

Ceric sulfate is prepared fresh daily from 0.1377 x solution (9). 

Procedure for Blood Filtrate — The blood filtrate is prepared according to 
the method of Folin and Wu (10). To 5.0 ml. of filtrate in a 15 ml. centri- 
fuge tube is added 0.3 gm. of powdered silver sulfate inth thorough mixing. 
Tliis is then centrifuged 10 minutes at 1500 r.p.m. 4 ml. of the supernatant 
are pipetted into a similar tube and treated mth O.OS ml. of saturated 
sodium chloride solution. After centrifuging for 10 minutes at 4500 R.p.sr., 
3 ml. of the supernatant are pipetted into a 22 X 200 mm. test-tube. 3 ml. 
of the phosphomolybdic acid reagent are added to this. After mixing bj’ 
shaking, the tube is placed in a boiling water bath for 15 minutes, then 

* Research paper No. 4, Nciiropsj’chiatric Rc.'earch Unit, Veterans Administra- 
tion Facility, Northport, New York, Published with the permission of the Medical 
Director of the A cterans .Administration who assumes no responsibility for the views 
cxpreE.sed herein. 
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r)S2 tun f.tiMiN \T(f»v or tiiiiyr)i;o\'VAcf.TONn; 

cciolcd ill nmiiiiut ’I'hr liliir i.'i tifratod (o ft colorlfs^ end- 

point with rcrio jiulfutc, a niirrn htirt'ft*' pradiintf’d in atop? of 0.01 ml. being 
ciniiloyod. 


t)t''Of0< nn,'; 

Cftinpholl dcdiiotod from Ids difiydroxyarolonc vnltio a blank of 5.00 mg. 
por coni. A\’o have roducfd tlds to a value of l..'U nip. per cent, in tlicfol- 
towinp niaiiner. 

Rcijioial of ICniothiiiiiriur Since hloofl filtrates are prepared by tungatic 
acid jirceijiitnlion of whole blood, they iniiat contain all the. erpothioncinc 
originally present in the eryllirocyles. Itehre and Itenedinl (11) ii.‘;esil\er 
lactate to coprccipitate eliloride, uric acid, and ergotliioneinc. Silver ergo- 
thioncino can he di.ssolvcd only in the preaoneo of cyanide ion, so that its 
removal in the prc.sencc of eliloride is {piantitative. Wc employ siUer 
sulfate to preeijntate ergnthioneino and remove e.xces.? silver with sodium 
chloride. 

Color Development — "With the Miller-'raylor reagent (5) -100 mg. of glu- 
cose give a reducing value equivalent to 1 mg. of diliydro.vyacctonc. How- 
ever, the reducing value of diliydroxyncctonc for the reagent was so low ns 
to be unfavorable to the estimation of minute concentrations of the tnosc. 
The glucosc-trioso ratio, when pliosphomolybdic acid wa.s use<l, corresponded 
to the values reported by Campbell. He found that 179 mg. of glucose had 
the same reducing power ns 1 mg. of dihydro.xyncctonc, comparable to our 
ratio of 181 : 1, Furthermore, the reducing value of triosc for this reagent 
was favorable in that 50 y required 2.7-10 ml. of 0.001102 K ceric sulfate in 
the final titration as against 0.-1G2 ml. with the Itlillor-Taylor reagent. 

Titration — For the titration of dihydroxyacetonc, the volume of 0.01 N 
permanganate required in Campbell’s method would be in the range of 0.01 
to 0.03 ml. Few laboratories are equipped ndth microburettes capable of 
giving consistent titrations in this range. We attempted the use of 0.001 
to 0.005 N permanganate to permit more accurate volumetric measurement, 
but the end-point was obscured by the slow reduction of the permanganate. 
This was overcome bj’- the use of ceric sulfate as an o.xidizing agent. Never- 
theless, at the dilution used, caution must be exercised near tlie end-point. 

10.98 ml. of 0.001 n ceric sulfate were found equal to 0.2 mg. of dih 3 "drox 3 '- 
acetone as compared wth Campbell’s value of 11.40 ml. The reco^^ery 
experiments on dihydrox 3 ’^acetone are presented in Table L The dihy- 
droxyacetone was a fresh preparation purchased from Professor Under- 
kofler (12) of Iowa State College. 

Since there are substances other than dih3’^drox3mcetone in the blood that 
are capable of reducing the pliosphomolybdic acid reagent, and since no wa 3 " 
has been found to effect their removal, it becomes necessar 3 ’^ to stud 3 ’^ their 
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effect on the determination when present in normal quantity. A hypo- 
thetical blood filtrate of knon-n composition was prepared as shown in 
Table II. 

When a determination of dih 3 ’'droxyacetone was made on this filtrate, it 
was found equivalent to 1.31 mg. per cent of dihydroxyacetone. This we 
selected as a constant value to be deducted from the total reducing sub- 
stances determined as dih 5 ’droxyacetone. 


Tabie I 

Recovery of Dihydroxyacetone in Blood Filtrates 


Dihydroxyacetone added per ml. 
blood 

Dihydroiyacetone increase in mL 
of blood 

Per cent dihydroxyacetone 
recovery 


't 


20 

21.0 

105 

50 

48.0 

96 

50 

61.0 

122 

50 

57.5 

115 

100 

101.0 

101 


Table II 

Constituents Present in Hypothetical Blood Filtrate 


Substance 


Substance 





ng.perunl 

1 

10 

20 

20 

1 

Urea 










The following equation is emploj-ed for the calculation of dihj'droxyace- 
tone in blood filtrates. 


((Ml. for unknown minus ml. for blank) X 6.08) — 1.31 = mg. % dihydroxj'- 

aeetone 

The factor 6.08 was determined thus: 


^ 5 

M.8 3 


6.08 


where 200 is the dilution factor per unit volume of blood filtrate, 54.8 equals 
the number of ml. of 0.001102 n ceric sulfate equivalent to 1 mg. of dihj'- 
droxyacetone, and 5/3 is the ratio of initial to final volume of test solution. 
We have examined the blood of two health^’ men, fifteen manic-de- 
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f>r r)iiivriiU)XVACf;TONf: 


})m'5ivrr!, Hi'Vc'ii ‘ ('liirnplirrtiir'i. ntifl tMi i(vi, In no instance was the 

(liliyilroNya('('t»)n(' rotiri'iif rafi'in nrral<'r flian 0.7 nijt. per cent. 

nt.'.MMAl’V 

An in\prov('<l metlnxi Ow f!ie <lr(''rniin.T.tion of (lihydroxyacetonc Ls pre- 
Fcn(<'<I, iip(ii\ t!ie proecdnre.'iof ( ’nmpltcll. 

'riiPcoiK'eiitrationof (iihydrosyucofone in tlio tilood of lioaUIiy menanelof 
men .‘Jiifferinp with various types of psycho ■•/•a is lejs tluan 0.7 niR. percent. 
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A COLORIMETRIC DETERIMINATION OF ACETALDEHYDE IN 

BLOOD 

Bt ELMER STOTZ 

(from the Biochemical Laboratory of the McLean Hospital, Waverley, Massachusetts, 

and the Department of Biological Chemistry, Harvard Medical School, Boston) 

(Received for publication, April 2, 1943) 

At least three geaeral methods have beea used for the determinatioa of 
acetaldehyde. In one of the oldest the oxidation of acetaldehj'de to 
acetic acid by Nessler’s solution was utilized, the metallic mercun' liberated 
being combined with iodine, and the excess iodine titrated (1, 2). Another 
general principle has been to titrate the hj'drochloric acid liberated from 
hydroxylamine hydrochloride coincident with the formation of acetal- 
doxime (3). The bisulfite-binding power, either directly (4) or in con- 
junction uith silver oxide treatment (5), has also been utilized. These 
methods not only lack specificitj' but also sensitintj', requiring large 
amounts of sample for determination of acetaldehyde in biological fluids. 

The method to be described involves the distillation of a tungstic acid 
filtrate of blood or tissue in a simple all-glass unit (see Fig, 1) and collection 
of the acetaldehyde in bisulfite solution. The p-hj-droxybiphenjd color 
reaction, with the increased sensitivity afforded by the conditions suggested 
by Barker and Summerson (6), is employed to determine the acetaldehyde. 
An amount of acetaldehyde ranging from 0.2 to 2.0 y per ml. of distillate 
can be measured with an accuracy of ±2 per cent. 

Reagents and Standard — 

1. 10 per cent sodium tungstate and J x sulfuric acid. 

2. Approximately 2 per cent sodium bisulfite (freshly prepared). 

3. 5 per cent copper sulfate. 

4. c.p. sulfuric acid, sp. gr. 1.84. This reagent must be carefully pro- 
tected from contamination. It is most convenientlj' dispensed from an 
all-glass, pressure-filled burette with a greaseless stop-cock. 

5. p-Hydroxj'-biphenyl reagent. 1 gm. (Eastman) is dissolved in 25 ml. 
of hot 2 N sodium hydroxide, and before cooling 75 ml. of water are added. 
This reagent, stored in a brown bottle, keeps for several months. 

Paraldehyde Standard — ^Paraldehyde and acetaldehj’de, weight for 
weight, were found to jield equal color intensities. Since paraldehj’de can 
be obtained pure, has a specific gravitj* of 0.995 at 25°, and has a relatively 
high boiling point, it is ideal for use as a standard which can be prepared 
quickly by volumetric means. 

Stock Solution — ^Exactlj' 1.0 ml. of redistilled paraldehj’de (Merck) at 

5 ^ 



ts innoo 


r,S(') 

if (lirfolvcd in 8W (/> {HX) nil. of rliffillfd wntor nnfi dihitcfl to 1 liter. 
'Phi;: jitork .‘ohitinii roiilnin;: 1.0 tun. of p.nrnlfli’hydi' per ini. nnd retains its 
.‘dronplli io n pla'.)'!ilopp>’n-d hottlr in the ico hox for nt le.ast 2 months. 

iror/n'iifr tStanilnnl — 1 ml. of .ftork if fliliifod to fiOO ml. with water to pvc 
IV .‘joint ion rontninini: 2.0 y p'-r ml. 



Pia. 1. Distilling unit. (This apparatus may bo purchased from the Macalastcr- 
Bicknell Company, 243 Broadway, Cambridge, Massachusetts.) 

Procedure 

1 volume of freshly drawm blood is delivered into 7 volumes of cold 
distilled water in a test-tube, followed by 1 volume of 10 per cent sodium 
tungstate and 1 volume of n sulfuric acid. The tube is tightly stoppered, 
inverted several times to mbe, and allowed to stand in an ice bath for 5 to 
10 minutes. The stoppered tube is centrifuged for 15 to 20 minutes. 
The decanted clear filtrate retains its acetaldehyde strength in a stoppered 
tube in the ice box for 2 days. A measured portion of filtrate (usually 8 
ml. or made up to 8 ml.) is placed in the distilling flask vvith a clean quartz 
pebble and the flask attached to the unit. The end of the condenser tube is 
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arranged to dip below the surface of 2 ml. of 2 per cent sodium bisulfite con- 
tained in a 25 ml. graduated cylinder (glass-stoppered) which is partlj' 
immersed in a beaker of ice mixture. The solution is distilled at moderate 
speed (total distillation time approximately 2 minutes) to yield a total of 
5.0 ml. in the collecting cylinder. The condenser is lifted from the solution 
toward the end of the distillation and approximatelj^ the last 0.5 ml. of 
distillate collected to rinse the condenser. The exact adjustment to 5.0 
ml. can easilj' be made during this period or after removal of the cylinder 
from the water bath. The contents of the cylinder are thoroughlj' mixed. 

A 1.0 ml. aliquot of the distillate is delivered into a 200 X 25 mm. 
Pyrex test-tube containing 0.05 ml. of 5 per cent copper sulfate. The tube 
is placed in an ice bath and exactly 8.0 ml. of sulfuric acid are added slowly 
and uith constant shaking. 0.2 ml. of p-hydroxybiphenyl reagent is de- 
livered close to the surface of the liquid and the precipitate evenly dispersed 
by gentle rotation. The tube is allowed to stand for 1 hour at room temper- 
ature or for J hour at 30° uith occasional mixing, after which the tube Is 
placed in a boiling water bath for If minutes. Upon cooling, the intensitj' 
of the purple color is read in a photoelectric colorimeter or spectrophotom- 
eter at 560 m^i. 

A blank solution used in the reference cell is prepared simultaneously with 
the unknown, starting uith 1 ml. of water. Successive analyses of a 
standard amount of paraldehyde jdeld a verj' constant color intensity, but 
it is desirable to include occasionally a tube containing 1 ml. (2 7) of the 
working standard for checking purposes. 

Considerable variation in the details of the distillation process is per- 
missible. Collection of distillate equivalent to one-fourth of the volume 
distilled insures recoverj’' of all the acetaldehyde; hence in the collection of 
3 ml. of distillate, as much as 12 ml. of sample may be distilled. If less 
than 1 7 of acetaldehyde is expected, it is desirable to collect less than 3 ml. 
of distillate; an 8 ml. sample may, for example, be distilled into 1 ml. of 
bisulfite and 2 ml. of distillate collected. A 1:5 tungstic acid filtrate Is 
useful in the case of verj- low blood acetaldehyde values. In order to de- 
termine the extremel3' small amounts of acetaldehj'de in normal blood, suc- 
cessive portions of filtrate maj' be distilled into the same receiver (con- 
taining water instead of bisulfite) and the combined distillates redistilled. 
In this waj’ rapid concentration of the acetaldehi-de is attained. 

If too much acetaldehi’de is found during color development, the remain- 
ing distillate maj' be appropriately diluted. In the case of the Coleman 
spectrophotometer which we have used, 2.5 7 of acetaldehj'de are the 
maximum amount which can be measured satisfactorily. This limit must 
be determined for the particular instrument emploj-ed from the character- 
istics of the transmission-concentration ciirve. 



A*T.rAi.m-.tivnK in nt.oot) 




T^fiiiuj of Mf'lhv! 

A fitniultud curvr limy Ii*- cnn'itnirfi'ii with !i 1.0 ml. Futnplc of didcrent 
rom'i'iitnitioioi of jmruidi'liyii'', niiil tlio rolor (l<'Vol(ip''(! oerordinp: to the 
pn’vion.'i (lirortioii.'i, Willi r. Iil.ml: prrjmrcil from 1 ml. of water a,'; a 
ndoroiico lolulioii, u i traif'.lit iim’ i-; <dilninr<l ndatinf; the lofjof tlicab.'ori)- 
fion lit riliO up) lo till' nmouiil of piirald'diyiio Fip- 2). relation is 

u roUiddo rv'foroneo for furtlier unknown ik-termiimlinns and need only be 
rheckod occ:i.‘'ion!illy or wln ii m-w n'.'mfnt.i an- ('mjdoyt'ci. 

'Hio pn\<cnci' of hi.'oiHito (iof‘.-i not ufToct Ibo rolor intrn.^iity. 

DiftiUnliim lu'corrrti-r ■ Wnriou?; fjtntnl itir.-; of arrfaldobyde were distilled 
into liisiilfilr, and tbr arrtaldchydr drlrnninrd in the distillate and in an 
ciiuivab’nl. .‘Jiunplo of the stdiition distilled. I’ementnite reeovcric.s were 



Fio. 2. Relation between log of light nb.sori)tion at 5C0 nv> and concentration of 
acclaldohj'de. 

calculated by comparison of these two determinations, and are recorded in 
Table I. 

A 95 to 100 per cent recovery’ is obtained by distilling amounts of acetal- 
dehyde ranging from 1 to GO y. Distillation of one-tenth of the contents 
of the distilling flask removes all the acetaldehyde from the flask, but 
collection of one-fourth of the volume distilled is necessary’ to rinse the 
condenser adequately. The use of bisulfite is not essential when small 
amounts of acetaldehyde are collected, but prevents losses uith larger 
amounts and is in general useful to prevent volatilization of the acetalde- 
hyde. 

Recovery of Acetaldehyde in Blood — ^The recovery’ of acetaldehyde added 
to blood has been tested by replacing the water required during depro- 
teinization by acetaldehyde solution. After distillation, the amount of 
acetaldehyde in the distillate was compared with the same amount sim- 
ilarly diluted with water but not distilled. A 94 to 99 per cent recovery 
was obtained mth amounts of acetaldehyde ranging from 1.5 to 20 y per 
ml. of blood, ivith either a 1:10 or 1:5 tungstic acid filtrate. Similar re- 
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coveries ■were obtained after acetaldehyde was added to homogenates of 
brain and kidney, provided immediate timgstic acid deproteinization 
followed the addition. 

Of greater importance to the testing of the recover^' procedure was the 
use of different amoimts of blood containing acetaldehyde as the result of 
alcoholism. Blood from individuals who had consumed sufficient alcohol 
to reach a blood alcohol level of 100 to 180 mg. per cent contained from 
0.7 to 1.4 mg. per cent of acetaldehyde. Acetaldehyde determinations 
were made on such blood, starting with different portions of blood but with 
the same total volume during deproteinization. In spite of wide variations 
in the proportion of blood to total volume during deproteinization, the 

Table I 

DisiiUalion Recoveries of Acetaldehyde 

8 m\. of solution were distilled, collected in 2 ml. of 2 per cent NaHSOj; final vol- 
ume of the distillate, 5 ml. 


Experiment No. 

Distilled 

Recovered 

Reco^•cry 


7 

7 

per e<nt 

1 

1.12 

1.07 

96 

2 

4.48 

4.38 

9S 

3* 

4.48 

4.35 

97 

4t 

4.48 

4.39 

98 

5 

11.2 

11.1 

99 

6 

56.0 

55.5 

99 

7t 

56.0 

52.5 

93 


* 1 ml. of 10 per cent NajWO, -h 1 ml, of | N HtSOj in the distilling flask, 
t Collected in 2 ml. of water. 


results in terms of mg. per cent of acetaldehyde in the blood agreed within 
6 per cent. 

Slahility of Acetaldehyde in Blood — ^Acetaldehyde is not completely stable 
in whole blood. There was no observed decrease in that added or natu- 
rally present in the course of 20 minutes in an ice bath, but a 40 to 50 per 
cent decrease occurred during 14 hours standing in the ice box. This 
change is not due to volatilization but probablj' to cellular metabolism, 
since only a 6 to 10 per cent decrease occurred in the separated plasma. 
Blood for acetaldehyde determination should therefore be deproteinized 
soon after collection. 

Specificity of Method — ^The distillation procedure eliminates interference 
by a variety of non-volatile substances. There appears to be no inter- 
ference by substances found in the usual concentration in tungstic acid 
blood filtrates, but further investigation was made of possible interference 






nSH) 

l\v micltl If iti h .-ifiidy ('f (icchild'diydo rnotabolbrn 

of i;'olal<'d ti'-.-'ii'’ Ali'dhnl, lumdi a-: in (Ih* di.'’lilla!(‘, yirlrls no 

color in llic a'-rtaMcliyd.- fiii-'liod, 'I'in' .■i uin' nniounl of pltico.-c (li.'tillrcl 
from an alkaline <<i)iitioii yielded a ‘diidtl yreen enlor, hut did not intcrforr 
when pre.'-ent ii\ an acid tli‘*tillim: ini\(iire. A similar ((Uantify of lactate 
distilled fnnn ueid solution yiel<l-d a sliylit color and pyruvate even more, 
but caused no interference uhen distilled from alkaline solution. Hie 
recoven* of aeetaldi'}i>'de wa.s not affeet<-d by di-.tillation from a .s'lighth 
alkaline solution. Neither jtlueo'.e, lactate, nor pyruvate in .such excos.-; in- 
terfered when distilled from a .solution ()f pll (l.o to 7.0. .Vretylmcthyl- 
cavbinnl, acetone, or 2 .U-bntylene >rlveol do.-.-, not interfere. 

Diaeetyl interfr're.s with the method, la *, yielding a color equivnlrnt to 
1 y of neetaldebyde. It develops, however, a green color and if knoOTi tobe 
present in interfering <iuantiti(',s can be destroyed by preliminary treatment 
with periodic acid witlmut atTeefing the aeiUaldehyde. I’araldehydo and 
formaldehyde arr* both volatib' and seriously inlerfen' with the method, the 
latter yielding an abnonnal green eolor. 

Nor7naI Acrtaldrluidr in Blood — The nonnal free aeetaldehyclc content of 
blood nppeam to be very .small. For aeenrate determination it was neces- 
sary lo di.stil three .suceossive portion.s of I :.o filtr.ate prcparerl from 12 ml. of 
blood with a rcdistillation of tlie eombined ilistillatcs, to yield a small 
volume of sufTiciontly concentrated solution. The blood of seven fa.sting 
individunls contained from 0.022 to 0.037 mg. per cent of acetaldehyde. 
Test annly.scs of such an amount added to blood indicated a 01 percent 
recover^’. 

Handovsky (7) and Gee and ChaikofT (S) reported much higher values in 
the range of 0.2 to O.G mg. percent, while Supniowski (2) reported a value of 
approximately 0.0-1 mg, i)er cent of free acetaldehyde in dog and rabbit 
blood. 


'"Bound" Acetaldehyde 

Barker (9) noted that a copper-lime treatment of blood or red cells 
liberated acetaldehyde. It amounted to 2 to 10 mg. per cent in different 
species. No claim was made as to the significance of this acetaldehyde, but 
it was considered necessary in this study to investigate further this “bound" 
form and to determine whether it was related to the free acetaldehyde in 
blood. A tungstic acid treatment of the copper-lime filtrate yielded a 
solution which could be distilled, and the method described in this paper 
applied. It was found that the amount of acetaldehyde liberated from 
human blood b.v this treatment depends on the dilution of tlie blood, con- 
centration of reagents, and especially the time and temperature of copper- 
lime treatment. Values as high as 90 mg. per cent were finally obtained 
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b}' treatment of the copper-lime mixture in a boiling water bath. Addition 
of acetaldehyde to the copper-lime mixture indicated onl}' a 50 to 60 per 
cent recoverj'; so that even larger amounts of bound acetaldehyde in blood 
are probable. Finally it was found that even crj'Stalline horse hemoglobin 
j-ielded 3 to 4 mg. of acetaldehyde per gm. upon treatment uath hot copper- 
lime. No further investigation was made of this interesting observation, 
since it seemed obvious that this had little to do with acetaldehyde metab- 
olism, but rather was due to a liberation of acetaldehyde from certain 
components of the protein. There was no indication of anj' increase in 
this fraction during the elevation of free acetaldehj'^de in blood during 
alcoholism. 


Sn.MMARY 

A sensitive method for the determination of free acetaldehyde in blood 
and tissues is described. It involves a simple distillation of a tungstic 
acid filtrate into bisulfite, and estimation of the acetaldehyde by the 
p-hydroxybiphenyl color reaction. The possible interference of various 
other substances was investigated. The method as described is particu- 
larly suitable for the determination of acetaldehyde concentrations of 
greater than 0.1 mg. per cent, but can be modified to measure lower con- 
centrations. 

The so called “bound” acetaldehyde liberated from blood by copper- 
lime treatment appears to be concerned only with components of the 
protein molecule, since it is also liberated from crystalline hemoglobin. 
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THE DETERMINATION OF SODIUM DEHYDROISOANDROS- 
TERONE SULFATE IN WATER OR URINE* 

By NATHAN B. TALBOT, JOSEPHINE RYAN, and JOHN K. WOLFE 

{From the Department of Pediatrics, Harvard Medical School, and the Children's Medical 
Service, Massachusetts General Hospital, Boston) 

(Received tor publication, March 12, 1943) 

In a previous communication (1), it was shoivn that hydrochloric acid 
hydrolysis has a markedly injurious effect upon the unconjugated and 
essentially water-insoluble urinarj' 17-ketosteroid, dehydroisoandrosterone. 
The present paper extends these observations to show that such hydrolj'sis 
has an equally imdesirable effect upon a conjugated and water-soluble 17- 
ketosteroid, sodium dehydroisoandrosterone sulfate. This substance has 
been isolated from human urine by Munson, Gallagher, and Koch (2), 
Another compound, sodium androsterone sulfate, has also been isolated 
from the urine of a man with a testicular tumor by Venning, Hoffman, and 
Browne (3). They noted that acid hydrolysis of this compound caused 
both destruction of the 17-ketone group and dehydration of the 3-;8-hydroxyl 
group of the steroid molecule. The present paper describes an analytic 
procedure whereby dehydroisoandrosterone added to water or urine as 
sodium dehydroisoandrosterone sulfate can be recovered unchanged. Data 
substantiating the validity of the analytic procedure are presented. 

Preparation and Hydrochloric Acid Hydrolysis of Sodium Dehydroisoandros- 

lerone Sulfate 

Preparation of Pyridine Dehydroisoandrosterone Sulfate — ^The procedure 
employed was similar to that used by Sobel and Spoerri (4, 5) in the prep- 
aration of cholesteryl sulfate. 100 mg. of pjHdine sulfur trioxide, prepared 
from chlorosulfonic acid and pyridine, were added to a solution of 100 mg. 
of ciy'stalline dehydroisoandrosterone (m.p. 148-149°) in 5 cc. of benzene. 
The mixture was heated at 72° for 90 minutes, cooled, and poured into 100 
cc. of petroleum ether. After it had chilled overnight, the white solid 
which had precipitated was collected, dried, and dissolved in 3 cc. of chloro- 
form. The chloroform solution was cooled and filtered to remove any 
remaining pyridine sulfur trioxide. 100 cc. of petroleum ether were added 
to the chloroform filtrate. The heavy precipitate (pj'ridine dehydroiso- 
audrosterone sulfate) which formed was collected on a filter and dried. 
Yield 87.5 mg.; m.p. 194-195°. 

* This work was supported by a grant from the Commonwealth Fund of New 
York. 
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r)!)! HODM^M DKItVDIlOIfiOANnnOSTf'.flO.Vt; StiliFAT?: 

Prcjuiratioii of Sodiinn Di'liijiiroianfttiilrn.'^trronr Sulfalr — I his substance 
wiiH i)r(’i)!ir(’(l l)y di.ssolvinj: nij:. pyridine deln'droisoandrosfcrone 

Kulfnt(? in n mininuim nrnonnt of wnfer and adding la rc. of n saturated 
aqueous sodium eldoride solution. A nocculent white precipitate (.sodium 
dchydroisoamlroslerone sulfate) f<»niH’d. This wn.s rollcetcd on a filter 
and washed with chlorofonn. 'I'lie precipitate was then rccrj'Stallizcd 
from methanol-ehlorofonii four lime.s, yielding 32 mg. of material, m.p. 
192-193°. An additional 35 mg. (m.p. 181-187°) were recovered from the 
mother liciuom. 

The material wn.s further eharaett'rized as follows: (n) It was found to 
contain 5.03 per cent, sodium' (calculated, 5.90 per cent). {!>) R}' colori- 
metric a.ssay with the absolute aleohol-w-dinilrobenzcne-KOH reagents 
(Zimmemiann reaction) (0-S) the material wa.s found to he 71 percent 
1 7-ketostcroid (calculated 7-1 per cent), (r.) Harium chloride hydrolpis 
of the material yielded crystalline dehydroiso.'indrostcronc in good yield 
(sec below), (d) The material wn.s solidde in water, methanol, ethanol, 
and J!-butanol, sparingly soluble in acetone (0.10 mg. per cc.) and ethyl 
acetate (0.07 mg. per cc.), and insoluble in ethyl ctlier, benzene, carbon 
tetrachloride, and chloroform, (c) It was found to bo stable in the dr>' 
state for long periods of time at room temperature and for a few minutes 
at 100°. 

IValcr and Hydrochloric Acid Hydrolysis of Sodium Dchtjdrotsoandros- 
terone Sidfatc — To determine the efi^ect of commonly cmploj’cd procedures 
for the hj'drolj'sis of urinary steroids on the recovery of sodium dehydro- 
isoandrosterone sulfate, a series of si.\ recovery c.vperiments was carried out 
in which known amounts of crystalline sodium dehydroisoandrosteronc 
sulfate were added to water or to aliquots of urine, the total and /S-hydro.vy- 
17-ketosteroid content of which had been determined. The conditions 
of hydrolj'^sis, the type of extraction, the amount of seftlium dehydroiso- 
androsterone added, and the recoveiy of total and of j3-17-ketosteroids arc 
given in Table I. The colorimetric assay methods used for determinations 
of the total and the /3-hydroxy neutral 17-ketosteroid content of the ex- 
tracts have been described previously (7-9).= 

Experiment 1 of Table I indicates that conjugated sodium deh3'droiso- 
androsterone sulfate tended to hydrolj'ze to an unconjugated 17-ketosteroid 
in simple aqueous solutions. This hydrolj'sis occurred even at relatively low 
temperatures (5°, Experiment 1, A) and was accelerated bj’ heating to 100° 
(Experiments 1, C to E). However, the maximum yield of unconjugated 

' Wc are indebteil to K. A. MacLaclilan for the sodium determination which was 
carried out according to tlie directions of Butler and Tuthill (6). 

= There is an error on p. 211 of tlic paper by Talbot, Berman, and MacLaclilan (9). 
On the second and third lines from the bottom of the page should vend Eii;f?G. 
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17-ketosteroid after this type of hydrolysis was but 58 per cent of the 
theoretical yield. The addition of h 3 'drochloric acid to aqueous solutions 
of sodium dehydroisoandrosterone sulfate (Experiments 2, A to C) ac- 
celerated the hj'drolysis but did not improve the jdeld of unconjugated 
17-ketosteroid (maximum, 50 per cent. Experiment 2, A). 


Table I 

Recovery of Total and of P-Hydroxy-t7-f:etosteroids after Water or Hydrochloric Acid 
Hydrolysis of Sodium Dehydroisoandrosterone Sulfate 


Experi- 

ment 

No. 

Conditions of hydrolysis 

Type of 
extrac- 
tion* 

Na- 

DHA- 

SO» 

addedt 

Total 17- 

ketosteroids 

^-17- 

Ketosteroids 

Water 
or urine 

Concen- 

trated 

HCl 

added 

Tem- 

per- 

ature 

Duration 

Deter- 

mined 

The- 

oret- 

icalt 

Deter- 

mined 

The- 

oret- 

ical: 



cc. 

cc. 

-c. 



mj. 

ME- 

«£. 


tns. 

1,A 

Water 

R 

None 

5 

21 days 

I. 

5.4 


KM 



B 

(( 

n 

ft 

72 

1 hr. 

s. 

5.4 

infl 




C 

tt 

R 

It 

mm 

1 “ 

I. 

5.4 

1.1 




D 

It 

R 

** 

ISI 

4 hrs. 

It 

6.8 

2.9 

5.0 



E 

<f 



ISI 

6 •• 

It 

4.2 

1.5 

3.1 



2. A 

ft 

1 

15 



It 

13.6 

4.5 

KM 


9.0 

B 

If 

a 

1 

27 

16 days 


4.1 

0.2 

KM 



C 

ft 

R 

15 

27 

16 “ 

If 

4.2 

1.0 

3.1 



3, A 

Urine 

R 

75 


10 min. 


None 

2.9 


0.0 


A, 

tl 


75 


10 “ 


10.9 

9.0 

10.9 

3.9 

S.O 

4, A 

(( 


75 


10 “ 

It 

None 

2.7 


0.9 


A. 

It 


75 


10 “ 

It 

8.2 

4.5 

8.7 

2.0 


An 

It 


75 


10 ■' 

ft 

6.5 

4.5 

7.5 

1.3 


5, A 

II 


75 


6 hrs. 

s. 

None 

0.6 


0.0 


A, 

It 


75 


6 ■■ 

It 

11.2 

4.4 

8.9 

3.9 

8.3 

6, A 

It 


75 


6 “ 

it 

None 

2.1 


0.7 


Ai 

tl 

m 

75 


6 " 

II 

7.0 

4.8 

7.3 

2.2 

5.9 


* I. indicates that the aliquot nas independently hydrolj'zed and then extracted 
with CCl,. S. indicates that the aliquot was simultaneously hydrolyzed and ex- 
tracted with CCh according to a procedure outlined elsewhere (1). 

T Sodium dehydroisoandrosterone sulfate. 

t The theoretic.al values represent the sum of the control determination (water = 
0.0) and the mg. of crystalline sodium dchj'droisoandrosterone sulfate added to the 
aliquot prior to hydrolysis and extraction. There is 0.74 mg. of dehydroisoandros- 
terone in each mg. of sodium dehydroisoandrosterone sulfate. 

Approximatelj’ similar results were obtained after sodium dehydroLso- 
androsterone sulfate was added to aliquots of urine (Experiments 3 to 6). 
On the average, less than 50 per cent of the 17-ketosteroid added as sodium 
dehydroisoandrosterone sulfate was recovered in the extract as neutral, 
unconjugated 17-ketosteroid. Moreover some of the recovered 17-keto- 
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steroid Wfts not. diKitonin-prccipilnble (.'b/J-liydroxy-) like dohydroisoan- 
drosloronc, thus indi(s'i(in(' prentor nltenition of the 3-;3-hydroxy than of 
the 1 7-]v0(os(croid proiif). ’i'here uvis no sipnifiennt dilTcrcncc bebveen the 
results obtained when tlie urines were simultaneously extracted and 
hy'drolj’zed (ICxiJoritnen ts 5 and (5) instead of indepondenth’ liydrolyzcd 
and then oxtraoted (lOxperinienfs 3 and •!). 

--l7io/;//iV Procedure 

To avoid the alteration of such conjugated steroids as is demonstrated 
above, the following analytic procedure was devised. 

Fr&shlj’ collected urine i.s adjusted to j)!! 7.0 b\' the addition of sodium 
hydroxide or hydrocliloric acid. Kxtractioji is then carried out by shaking 
the urine four times with one-eighth its volume of 7i-I)Utanol in a .■separatory 
funnel. The combined butanol extract is washed .six times with onc-twenty- 
fifth its volume of N .sodium hydroxide solution and six times with nppro.xi- 
matcly onc-twentj'-fifth its volume of n sodium acetate hiifTcr solution 
(pH 5.8). After thaso washings tlie butanol should be clear and nearly 
colorless. The wa.shcd butanol extract is evaporated to drymess in a vac- 
uum distillation apparatus at a temperature not exceeding 27°. The 
residue is dissolved in 100 cc. of 0.1 n sodium acetate buffer solution (pH 
5.8). 15 gm. of c.p. barium chloride arc added and the mixture is heated 
in a boiling water bath for 4 hours. After it has been allowed to cool, it is 
extracted by shaking in a separatory funnel with three 25 cc. portions of 
carbon tetrachloride. The combined carbon tetrachloride extract is 
washed in a separatory funnel three times with water and is then distilled 
to dryness on a boiling water bath. The residue is dissolved in an appro- 
priate quantity of absolute ethanol. Aliquots of this alcoholic solution 
are assayed for total and /5-alcoholic neutral 17-kefesteroids by colorimetric 
procedures described elsewhere (7-9). 

Experiments Suhstantialing Validity of Procedure 

Hydrolysis of Sodium Dchydroisoandrosteronc Sulfate with Barium 
Chloride Solution — ^Because of the unsatisfactory recoveries in the foregoing 
acid hydrolysis experiments, hydrolysis by means of barium chloride was 
investigated. For this purpose measured quantities of sodium dehydro- 
isoandrosterone sulfate were added to 100 cc. lots of half saturated barium 
chloride solution. The resulting solutions were heated in a boiling water 
bath for measured periods of time at 90° or 100°. After being extracted 
according to the directions given in the analytic procedure (see above), 
the neutral 17-ketosteroid content was measured colorimetrically. The 
temperature, duration of the hydrolysis, and recovery data are recorded in 
Table II, Experiments 7, 8, and 9. The data indicate that hydrolysis in 
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half saturated barium chloride solution at 100° for at least 4 hours results 
in essentially complete hydrolysis of the sodium deb 3 ’'droisoandrosterone 
sulfate to a neutral, unconjugated 17-ketosteroid, which is recovered satis- 
factorily according to the Zimmermann colorimetric assaj'. 

During the course of such experiments it was observed that the efficiency 
of the hydrolysis was dependent upon the pH of the barium chloride solu- 

Table II 


Recovery of Total and of P-Hydroxy Neutral 17-Ketosteroids after Barium Chloride 
Hydrolysis of Sodium Dehydroisoandrosterone Sulfate Added to Water 


Ziperiment 

No. 

Conditions of hydrolysis 

NaDHA- 

SO. 

added* 

(d) 

Total IT-kelosteroids 

P-I7-Ketosteroids 

Tem- 

perature 

Cfl) 

Dur- 

ation 

») 

pH 

M 

Deter- 

mined 

(e) 

Then- 

reticalf 

(J) 

(e) 

Deter- 

mined 

(*) 

Theo- 

reticalt 

(0 

W) 

(i) 

0) 


“C. 

Jirt. 




— 


rtg. 

mg. 


7, A 

100 

2 




Ill 

0.54 




B 

100 

2 





0.77 




C 

100 

4 


4.1 

3.0 

3.1 

0.97 




D 

100 

6 


KmHI 


3.1 

1.03 




8 

90 

4 


4.7 


3.5 

1.00 




9, A 

100 

4 


30.0 

19.8 

22.1 

0.90 




B 

100 

4 


30.0 

20.7 

22.1 

0.94 




10, A 

100 

4 

4.0 


2.8 

2.9 

0.96 

2.1 


0.76 

B 

100 

4 

4.0 


2.8 

3.1 

0.90 

2.5 


0.80 

C 

100 

4 

5.0 


3.1 

3.5 

0.89 



0.88 

D 

100 

4 

5.5 

3.8 

2.6 

2.8 

0.93 

2.6 

2.8 

0.93 

E 

100 

4 

5.5 

4.0 

2.7 

3.0 

0.90 

2.7 

3.0 

isa 

F 

100 

4 

6.0 

3.7 

2.6 


0.95 

2.6 


Ha 

G 

100 

4 

6.0 

I 12.6 

9.1 


0.98 

9.1 


rm 

H 

100 

4 

7.0 

4.7 

3.0 


0.88 

3.0 


0.88 

I 

100 

4 

8.0 

5.4 

3.1 

4.0 

0.78 

3.1 

4.0 

0.78 

J 

100 

4 

9.0 

4.3 

1.7 


0.53 

0.4 


0.11 


* Sodium dehydroisoandrosterone sulfate. 

t The theoretical values for total and /S-hydroxy neutral 17-ketosteroids were 
found by multiplying the mg. of sodium dehydroisoandrosterone sulfate added to 
the u atcr prior to hydrolysis (Column d) by the factor 0.74. 

tion. Experiment 10 of Table II shows that the recovery' of total, neutral 
Ir-ketosteroids was reasonably satisfactory if the hydrolj'sis was carried 
out at a pH between 4.0 and 7.0 but was poor at higher pH values. The 
data of Experiment 10 also indicate that the recovery' of /3-hydroxy-17- 
ketosteroids was satisfactory only if the pH was adjusted between the 
narrower range of 5.5 to 6.0. At a lower or higher pH, some alteration of 
the dehydroisoandrosterone occurred, as a poidion of the recovered 17- 
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kctosU'roiti.M w.'i.m lu)! proripilatod hy di^jitonin. 'Jims it appears that pH 
(i.n is opiimutn f(»r (iiiaritilalivc iiyrlnjlysis of sodiiiiii dehydroisoandros- 
(oroiio sulfate to d('hydroiso:itulrosterotie by haritun chloride solutions. 

Jdntliftralioti oj Didiydrnisnmuhtislrroui' nJUr linrium Cldoridr. Hydrolysis 
of Sndiinn Drluidroisoandrostrnmr Siilfnlr -“To estaldisli the identity of the 
17-ketosteroid recoven'd after bjiritim chloride hj'droh’.sis of .sodium dehy- 
droisoandrosterone sulfat<>, 51 inp. of tlie suiist.ancc were treated as in 
J'Apcriincnt !), Tal)le II. (’olori metric n.ssay of the liydrolysatc recovered 
in the carbon lotraehloride extrn<;t revealed the i)rescnco of 38.9 mg. of 
17-kclosterokf (theoretical, -lO.O inp.). To prepare the acetate of this 
material, it was dried nj\d dissolved in I cc. of pyridine. After 10 drops of 
acetic anhydride had been added, the mi.vtnrc wius heated under a reflux 
over a boiling water bath for 5 mimite.s. 'I’lic mixture was then cooled to 
5° and 100 cc. of ethyl ether were added, 'fhe ether solution was washed 
three times with n hydrochloric acid anti three timc.s with distilled water. 
Tlic ether solution was then dried with anh\’drou.s .sodium sulfate, filtered, 
and distilled to diyncs.s. The white solid residue was recrj’stallized from 
alcohol-watcr, yielding 35 mg. of white nocdlc.s, m.p. 168-168.5°. Th^ 
mixed melting point of thc.se nccdlc.s with an authentic sample of dchydro- 
isoandrostcronc acetate (m.p. 107-108'“) was 107-108°. 

The dchydroisoandrostcronc acetate tlms prepared was reconverted to 
free deh3''droisoandrostcronc b.v dissolving the acetate in 7 cc. of methanol, 
adding 2 cc. of water containing 40 mg. of potassium carbonate, and heating 
under a reflux for 1 hour. The solution was then extracted with ethyl 
ether which was subsequently washed with water. Wien the ether solu- 
tion was concentrated to a small volume, white crjvstals formed, m.p. 
146-147°. The mixed melting point of these crvstals with an authentic 
sample of dehydroisoandrosterone (m.p. 148-149°) was 148-149°. 

These experiments appear to establish the identity of the barium chloride 
hydrolysate of sodium dehydroisoandrosterone sulfate as dehydroiso- 
androsterone. 

Extraction of Sodium Dehydroisoandrosterone Sidfatc from Aqueous Solu- 
tions with n-Bulanol — ^The following experiments were designed to find a 
procedure whereby sodium dehydroisoandrosterone sulfate could be 
extracted from aqueous solutions such as urine. The solubility data 
presented earlier indicated that n-butanol should be a suitable extracting 
agent. This possibility was substantiated bj' the fact that the distribution 
ratio of sodium dehydroisoandrosterone sulfate betw'een equal volumes of 
n-butanol and water was 9.1: 1.0. 

Sodium dehj'droisoandrosterone sulfate in n-butanol solution tended to 
decompose when the butanol solution was distilled to dryness at approxi- 
mately 80° w'ith the aid of a partial vacuum. However, higher vacuum 
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distillation of butanol solutions at temperatures below 27° did not result 
in decomposition of sodium dehj'droisoandrosterone sulfate. Conse- 
quently, in the present studies butanol extracts of water or urine were 
evaporated in a vacuum distillation apparatus at temperatures not ex- 
ceeding room temperature (27°). 

The efficiency wth Avhich n-butanol extracts sodium dehydroisoandros- 
terone sulfate from water was demonstrated in two e.xperiments. In these, 
a measured quantity of the conjugated dehydroisoandrosterone was dis- 
solved in water. The aqueous solution was extracted four times with 

Table III 

Recovery of Total and of ^-Hydroxy Xeutral 17 -Ketosleroids after Butanol Extraction of 
Urine and Barium Chloride Hydrolysis of Extract 
The results are expressed in mg. per 500 cc. of urine. 


Experiment No. 

i 

NaDHASOi added* ^ 

, 

Total 17-ketoslcroids 

fi- 1 7-Ke tos teroid s 

Determined 

Theorelicalt 

Determined 

Theoreticalf 

11, A 

None 

0.2 


0.0 


B 

2.4 

1.9 

2.0 

1.7 

1.8 

12, A 

Xone 

3.2 


2.9 


B 

S.l 

7.6 

7.0 

6.7 

6.7 

13, A 

None 

0.6 


0.4 


B 

8.5 

7.4 

6.9 

7.2 

6.7 

14, A 

None 

2.8 


2.2 


B 


11.4 

10.8 

10.5 

10.2 

15, A 

None 

1.9 


1.4 


B 

21.9 

16.8 

18.1 

14.6 

17.6 


* Sodium dehydroisoandrosterone sulfate. 

t The theoretical values represent the sum of the control values and the mg. of 
crystalline sodium dehydroisoandrosterone sulfate added to the urine aliquot prior 
to butanol extraction and barium chloride hydrolysis. There is 0.74 mg. of dehydro- 
isoandrostcrone in each mg. of sodium dehydroisoandrosterone sulfate. 

one-eighth its volume of butanol and the combined butanol extract was 
evaporated to drjmess. The residue was assayed colorimetrically for 17- 
ketosteroids. In the first experiment in which 3.0 mg. of sodium dehydro- 
isoandrosterone sulfate were added to 100 cc. of water, 2.9 mg. or 97 per 
cent was recovered in the butanol extract; in the second, 2.8 mg. were 
added to 1 liter of water from which 2.6 mg. or 93 per cent was recovered. 
The recovered 17-ketosteroid was water-soluble. 

An n-butanol solution of sodium dehydroisoandrosterone sulfate could 
be washed four times with one-eighth its volume of normal aqueous solu- 
tions of hydrochloric acid, sodium hydroxide, or sodium acetate buffer 
(pH 6.0) without loss of the conjugated steroid from the butanol. On the 
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other lintid, \vfi.‘ihinf: rtich n f.ohition four limes wifh one-eighth its volume 
of distilled \viiter resulted in a G per rent loss of sodium dchyclroisoandros- 
toronc sulfate from the Imtanol to the water. 

Jh'corcry of fl~I/i/(lrflxi/-!T-):ftnFlrrnid (Dfhydrnmandmltronc) hj/ Barium 
Chloride Ifydroli/rir of Jlulariol Kilraclr. of Urine — Five I liter pools of fresh 
adult urine, were obtained. ICaeli pool was divided into two equal aliquots. 
To one of these aliciuot.s a me.asured quantity of sodium dehydroisoandros- 
tcronc sulfate was added. Each aliquot was then treated according to 
the directions outlined under “Analytic procedure" (see above). The 
results arc given in Table III, where the arrangement of the analytic data 
corresponds to that of the preceding tables. 

E,\porimcnts II to bo of Table III show that neutral IT-kctostcroids 
were recovered from the frc.shly voided urine of normal adult men and 
women. A variable proportion of these endogenous 17 -kctostcroids was 
digitonin-precipitablc. It would also appear that, within the limits ol 

experimental error, almost all of the sodium deliydroisoandrostcronc sulfate 
added to the urine prior to butanol e.\traction was rceovered ns a^-hydroxy- 
l7-ketosteroid after barium chloride hydrolysis of the c.vtract. 

Comments 

TTie available evidence from previous (1) and the present experiments 
indicates that hydrochloric acid hydrolysis severely damages both uncon- 
jugated w'atcr-insolubic deliydroisoandrostcronc and water-soluble sodium 
deliydroisoandrostcronc sulfate wlicn extraction with an organic solvent is 
carried out independently. On the other hand, simultaneous h 3 'drol}’sis 
and extraction do not alter unconjugated water-insoluble dehydroiso- 
androsterone (1), but do decompose the dchj'droisoandrosterone of the 
conjugated water-soluble compound. These findings lead to the conclusion 
that acid hj''droIysis damages the conjugated dehy'droisoandrosterone be- 
fore hydrolysis to the unconjugated form has rendered it soluble in carbon 
tetrachloride. If this is so, it is difficult to imagine steps by which destruc- 
tion of the conjugated material by acid hy’'drolysis can be avoided. 

In contrast to hydrochloric acid, barium chloride appears to be a reason- 
ably satisfactory hy^drolytic agent for dehydroisoandrosterone sulfate. 
It was chosen on the theory that dehydroisoandrosterone sulfate should be 
hydrolyzed if the sulfate ions were removed from solution by the formation 
of insoluble barium sulfate. Although complete evidence for the accuracy 
of the theory is lacking, the data attest the efficacy of barium chloride as 
a hydrolytic agent for sodium dehj'^droisoandrosterone sulfate. 

Preliminary experiments revealed that application of the barium chloride 
hydrolysis procedure directly to urine containing sodium dehydroiso- 
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androsterone sulfate was unsatisfactory because the recovery of neutral 
3-/3-hydroxy-17-ketosteroids was poor. Likewise, poor recoveries were 
obtained when this hydrolysis procedure was applied to a water solution of 
dried crude butanol extracts of neutral urine. Urea appeared to be one of 
the urinary constituents which interfered with barium chloride hydrolysis. 
It was then found that when crystalline urea was added to a pure water 
solution of sodium dehydroisoandrosteronp sulfate prior to barium chloride 
hydrolysis, ammonia was formed during hydrolj'sis and the yield of rmcon- 
jugated dehydroisoandrosterone was very low. On the other hand, these 
difficulties were eliminated when butanol extracts were washed as described 
in the procedure before barium chloride hydrolysis. Moreover, the res- 
idues and hydrolysates of the washed butanol e.xtracts of urine were 
much cleaner than those of crude butanol extracts or of extracts obtained 
after hydrochloric acid hydrolysis. 

SUMMARY 

The present paper reports evidence that hydrochloric acid hydrolysis 
destroys a major portion of crystalline sodium dehydroisoandrosterone sul- 
fate in water or urine solution. Simultaneous carbon tetrachloride ex- 
traction during hydrolysis does not prevent this destruction. 

Evidence is also presented to show that crystalline sodium dehydroiso- 
androsterone sulfate dissolved in water or urine can be recovered quantita- 
tively as a neutral 3-/3-hydroxy-17-ketosteroid (dehydroisoandrosterone) 
by hydrolyzing a washed n-butanol extract of the water or urine with 
barium chloride. 

A procedure for assaying the dehydroisoandrosterone sulfate content of 
urine is described. 

We are greatly indebted to Dr. Erwin Schwenk of the Sobering Corpora- 
tion for generous supplies of dehj'droisoandrosterone and to Dr. Seymour 
Lieberman of Harvard University for advice in the preparation of the 
sodium dehydroisoandrosterone sulfate. We should like to express our 
appreciation to Dr. Allan !M. Butler for advice in the preparation of this 
paper. 
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THE ACID-, BASE-, AND SALT-BINDING CAPACITY OF SALT- 
DENATURED COLLAGEN 

Bt EDWIN R. THEIS and T. F. JACOBY 

{From the Biochemistry Division, Department of Chemistry, Lehigh University, 
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(Received for publication, March 24, 1943) 

Theis and Steinhardt (1) recently have shown that, when native coUagen 
is treated t\ith calcium or magnesium chloride solutions, drastic shrinkage 
of the collagen occurs at low temperatures. It was further shoitm that 
potassium or sodium chloride has exactlj'' the reverse effect; i.e., they 
actuallj' increase the temperature at which collagen is said to contract. 
The effect of neutral salts upon the acid- or base-binding power of proteins 
has been rather extensively studied but the available literature contains 
some rather conflicting data. Csapo (2) in 1925 found that the presence of 
salt influenced the combination of the proteins with acids or bases. Gem- 
gross and Loewe (3) found increased fixation of alkali by hide powder upon 
addition of neutral salt. Reiner (4) suggested that the salt effect was 
apparent rather than real and that if allowance was made for the protein 
influence upon other salt ions the alkalr fixed would be found to be the same 
in the presence or absence of salts. Cohn, Green, and Blanchard (5) indi- 
cated the titration cuive was shifted, in the presence of salts, on both sides 
of the isoelectric point but that the total amount of acid or base fixed was 
unaffected. Atkin and Campos (6) made use of the presence of potassium 
chloride in estimating the acid- and base-binding capacity of collagen, 
postulating that the neutral salt is necessarj' for equalizing the internal pH 
vithin the protein wth that of the external solution. Steinhardt and 
Harris (7) and Theis and Jacoby (8) investigated the effect of solutions of 
potassium chloride of various ionic strengths upon the acid- and base-bind- 
ing power of fibrous proteins and found that the neutral salt affected the 
slope of the titration cun-e on each side of the isoionic point but did not 
affect either the maximum acid- or base-binding power or the position of the 
isoionic point of the given protein. Cannan in 1938 (9) showed that the 
titration cur\’es shift in the presence of salt and also appear to pivot around 
the isoionic point. Later, Cannan, Kibrick, and Palmer (10) found by sub- 
stituting calcium chloride for the potassium salt that the only observable 
effect was a displacement of the titration cun’e toward a lower pH, to an 
extent increasing with ionic strength. They found the displacements 
caused bj' Ca''~*' and Mg^ ions to be identical but greater than those due to 
Sr++- and I3a+^ ions. 
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Beck (ind Sookne (11) have Siltmvn tliat (he treatment of collagen with 
calouun hydroxide Htiispenaiotif; oaUFca (he iFoeleetrIc point to shift to a more 
ncid one. In (hiR inveatigrttinn use wu.m made of electrophoretic measarc- 
menta and (Iuih a (me isoelfTl rie point u'a.R obtained. Theis and Jacoby 
(12) .studied (ho <‘fTee( of ealriiirn hydroxide .sii.spcn.sioti.s upon collagen and 
found (he isoionic point of (lie collaj'en (o .shift (o n more acid zone. The 
.shift rva.s more pronouncf'd witli long eonlact witli (he calcium hj’droxide. 

In determining (lie aeid- or ba'-e-liindinK capacity of such fiiiroirs proteins 
as silk fdiroin, Iiair keratin, and collagen, 'i’hei.s and .lacnby (S) found that 
the presence of sodium or pota.ssium chloride aided materially in obtaining 
a definite isoionie. point . This was not pos.^ihle with aqueous solution with- 
out the salt. T'hey found that in (he pre.scncc of potas.siiiin chloride, the 
titnilion curvc.s so obtainerl approximated those obtained for certain 
soluble proteins. Stoinliardt and Harris (7) in tbeir investigation of wool 
keratin came to a similar conclusion and ga\‘c rather conclii.sivc evidence in 
support of tbeir tbcorics. 

Since it lind been found (hat ealcium chloride had such a drastic effect 
upon the collagen stnicturc, furtlier investigation was made ujion the acid-, 
base-, and salt-binding capacity of collagen treated with various concen- 
trations of e^nloium and pota.ssium cliloridc.s. 


HXlT.njMKNTAI, 

Exactly 1 gm. pieces of collagen were placed in 100 ml. of ncid or base 
solution made a specified normality with respect to calcium or potassium 
chloride. 

The acid and base collagen systems were allowed to attain equilibrium 
at 20°. The equilibrium period for nil solutions in the pH range 2.5 to 
10.5 wms 72 hours. At higher and lower pH \-aluc.s, an equilibrium period of 
18 hours was used. These shorter periods at high acid and alkali concen- 
tration were necessary to minimize lij^drolysis and protein breakdown. 

After equilibrium had been attained, pH values of the solutions were 
measured by means of a Beckman glass electrode assembly. Tlie collagen 
pieces were then removed, and pressed several times between blotting papers 
at 10,000 pounds per sq. in. The pieces were air-dried, ground in a small 
Wiley mill to 60 mesh, and were ready for analj'sis of nitrogen, acid-, base-, 
and salt-bound. The methods used have been described elsewhere (13). 

The data are shown in Figs. 1 and 2. Fig. 1 is that pertaining to the acid- 
and base-binding capacity in the presence of 1.0 x calcium chloride, while 
Fig. 2 show's the potassium or calcium chloride bound for specific normal- 
ities of salt and over a wide pH range. The data may be interpreted as 
follows: 

Curve A of Fig. 1 show's tlie regular titration curve of the particular native 




Fig, 1. The acid- and base-binding capacit3' of native and calcium chloride- 
denatured collagen. 
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colliif^cn (1-1) liuviiip an i'didiiii’ pninf at pfi a plateau in the pH range 
7Ji (o ll.a, ati appari’itt inaNimiitn .'U’id fixatifui of O.S") milliK|iiivnlent per 
f;in. of collagen, anil a tnasininrn ha.-i'’ fivition of O.flS inilliripiivalcnt. 

C’nrvc B of I'i;;, 1 slioua I In' ai-id- or haNc-hirulinp caiiaeity of the ralcinm 
oliloridc-tiTatcd collafn'ii. ‘I'lii.'- |»artinilar curve indicates a (lefinite iso- 
ionic point of r),."), a siiift of i pll »init to the more aeiti side; a lessened acid 
fixation in tlie pH ranpe •l.o to o.o; an increased base fixation in the pH 
range (' 1.5 to 7.5; and approximately the .same maximum acid or base fixation 
as for the untreated eollagen. 

Ciirve.s A and (' of Fig. 2 .show the binding of [lola.ssiuni chloride with 
collagen over a wide pH range. In this ease Curve A reprc.«cn(.s an initial 
salt .strength of (l.o .x, while Curve B represents that of O.To s. Atthe lower 
ionic .strength, it is sei'ii licit potassium ('hlorifle begin.s to hind at ap- 
proximatoly pll ,5 and reaches a maximnm in the [ill range 7.5 to 9. There 
is .some fixation even at pH 12. Curve C imlieate.s a much greater 
salt fixation. 'Phis cun'e shows fi.vation beginning at pH 3.5, incrca.sing 
to a maximum at [iH 7, atul then deerea.sing somewhat a.s the pH further 
incrcasc.s. 

Curves B aud D represent data for ealcium chloride fi.vation. Curve H, 
representing .solution.s initially 0.2 .v with rc.spcet to CaCl-, .show.s initial 
fixation at pH •(, maximum vnlue.s in (he pH range (i to 9, and decreasing 
fi.vation at pH values greater than 9. C’ur\’c F), rcprc.senting solutions 
initially O.-t x with respect to CaCl«, shows tliat salt fixation, beginning at 
pH 3, rises rapidly to a maximum in (lie pH range (i to S and tlicn decreases 
at pH values greater than 8. Tlie maximum salt fixation for CaCl* solu- 
tions of O.G N, O.S X, and 1 .0 x ionic strengtli i.s al.so .shown. 

DISCUSSION 

ISorthrop and Kuiiitz (15) have .shown that gelatin iloes not combine 
with Ixa"*" and K"*" ions on tlie acid side of tlie i.soelcctric point. Upon the 
other hand, these investigators found that gelatin did combine with CiC’’’ 
and Ca'^'*' ions, the amount of fi.vation approaching a maximum value ap- 
proximately equivalent to the acid fixation capacity' of the gelatin. Hardy 
(16), as far back as 1905, postulated the formation of compounds containing 
salt and protein chemically combined, HOOC~R— XH; -f KCl ->• HOOC 

H XHj-KCl. Adolf (17) considered his investigation as jiroof of this 
theory. I.outhardt (18) suggested that amino acids, peptides, and pro- 
teins bind salt througli coordination with the amino group of the zwitter 
ion, -OOC— R— NH3+ + K+ + CC ~OOC~R— XHj-KC] -f H+. 

Anslow and King (19) postulated a coordination with the carboxyl group of 
the acidic amino acid residues. 

The data of the present writers indicate that certain salts are definitely 



E. E. THEIS AUD T. F. JACOBY 


607 


bound mth the collagen. Such fixation with potassium chloride has no 
effect upon the isoionic point of the protein but definitely alters the slope of 
the titration curv'e. Calcium chloride fixation upon the other hand defi- 
nitely changes the isoionic point of the collagen-salt compound as can 
readily be seen from Fig. 1. Theis and Steinhardt (1) have repeatedly found 
that potassium chloride, 1.0 x ionic strength, does not alter in the least the 
shrinkage temperature of the collagen, while calcium chloride of the same 
ionic strength drastically reduces the shrinkage temperature of the collagen. 
Since this shrinkage temperature is said to be in a way a measure of the 
structural cohesion forces, it would appear that calcium chloride fixation 
decreases these forces and causes the collagen chains to “collapse” or “melt” 
upon themselves. Thus it might be said that calcium chloride causes a 
denaturation of the collagen, while potassium chloride does not, and thus 
we might expect a shift in the isoionic point for the calcium chloride-col- 
lagen compound. 

Cun'e B of Fig. 1 shows the effect of the added CaCl« and definitely indi- 
cates a displacement of the titration curve toward a lower pH in the range 
4.5 to 7.5. Gannan, Kibrick, and Palmer (10) claim a parallel displacement 
of the whole dissociation curve when CaCl- is substituted for KCl. They 
ex-plain this displacement as being consistent with preferential combination 
of the protein with one of the ions of the salt. These investigators postulate 
a preferential combination with Cl~ when KCl is used and a preferential 
combination with the cation when such salts as CaCh or MgCli are used. 
Greenberg and Schmidt (20) have shown that when casein is dissolved in 
solutions of the alkali earth metals the transport number of the casein ion is 
above normal. They conclude that such data indicate the presence of 
complex metal-containing casein ions, since some of the metallic element is 
carried in a direction contrarj- to its normal path. These investigators 
found that when Ca(OH )2 was added to casein, some 66 per cent of the 
metallic element had become anionic in character. Northrop and Kunitz 
(15) point out that no calcium is bound on the acid side of pH 3 and that 
this value rises rapidlj’- from pH 3 to 4.7 and then remains constant. The 
present writers found that no calcium is bound at pH values lower than 3 
and that this value rapidly increased from 3 to 6, remained essentially 
constant to pH 9, and then declined somewhat at greater pH values. 
Northrop and Kunitz believe that the Ca''‘+ ions do not combine with the 
KHo groups but with the carboxyl groups, whereas Cu"'-*' ions bind with the 
amino groups of the protein. In the case of gelatin, the carbo.\yl equivalent 
IS about 0.9 mM per gm. but for collagen the carboxj-1 equivalent is approx- 
imately 0.35 niM per gm. (13) and, therefore, the reasoning of Northrop and 
Kunitz may not hold for collagen. 

Anslow and King (19) concluded that the alkali and alkali earth metals 
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could form roordiiinlc linl;?! with oruior !)ofh oxypcn nloms of the carboxyl 
group. They wore lo.nd (o tlii.'t conolii^ioii from their ntudy of the complex 
cry.Htolliiie .‘■alt.*! fornu'il from nmino neifl*! with .‘^'ilta of the alkali and al- 
kali c.arth metals. 
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Tlic writers have found tliat Iwth KCI and CaCI; arc bound with the 
protein well into the alkaline rone and further that KCI fixation has but 
little effect upon the i.soionie point of the. protein, while CaCIj fi.xation dis- 
places this jroint toward a lower j>H. 'J'iic writers have also shown that 
CaCl:-troatcd collagen lia.s contracted and is .shrunken, taking on the 
physical characteristics of lieat-donnture<l collagen (M). In the particular 
case of heat-denatured collagen, it was found that the isoionic point had 
shifted to a higher pll value, while the CaClj-trcatcd collagen showed the 
reverse effect. Tlicrc oxi.sts some difficulty in e.xplaining this difference 
between the two types of denaturation. Cohn, Green, and Blanchard (o) 
have stated that the basic strength of an amino group is diminished by 
carboxyl groups and that this is tnie whether the latter nrc dissociat^ or 
not. Tliosc investigators maintain that the carboxyl dissociation is in- 
creased by juxtaposition of other amino and carbo.xyl groups and that as a 
result the closer tlic other amino and carbo.xyl groups, the more acid the 
protein molecule. The reasoning of Cohn, Green, and Blanchard might 
account for the more acid isoionic point of the CaCb-trcafcd collagen, since 
such treatment causes drastic slirinkage or contraction. Upon the other 
hand, tJie e.\pIanation of Cannan, Kibrick, and Palmer may equally apply- 


SUMMAHY 

It is shown that KCI and CaCb bind with collagen ox’er a w ide pH range, 
a maximum value obtaining in tlie isoelectric zone. CaCl; fixation is 
definitely greater than that for KCI for any' given ionic strength. It is 
further shown that CaCb causes denaturation of collagen, if shrinkage and 
contraction are a measure of denaturation. Tlie isoionic point of CaClj- 
treated collagen is shifted to a loiver value, while that for KCI remains es- 
sentially the same as that for native collagen. 
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THE METABOLISM OF GLYCINE 
I. STUDIES WITH THE STABLE ISOTOPE OF CARBON* 
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(Received for publication, April 5, 1943) 

Glycine is the simplest of all the naturally occurring amino acids ob- 
tained on the hydrolj’sis of proteins, and yet verj' little is known concerning 
its metabolism. T\Tien glycine is fed to animals, it is readily utilized, but 
its intermediarj' metabolism is still quite controversial. Experiments with 
tissue slices, perfused isolated organs, and intact animals (under both 
physiological and pathological conditions) have given varied results. 

WTien the ordinary preparation of glycine is used, conclusions are drawn 
from a study of changes in body constituents, and possibly from appear- 
ance or excretion of conjugated products, ^\^len the stable isotope of 
carbon of mass 13 is used as a tagged atom in the glj'cine molecule, one can 
readily ascertain into which compounds the glycine has been transformed 
and in which tissues it has been concentrated. The purpose of this in- 
vestigation was to stud5' some of the possible paths of metabolism of the 
amino acid in question, by labeling the carboxjd carbon of the molecule 
4rith this stable isotope. 


EXPERIMENTAL 

S^thesis of Glycine Containing Excess of Stable Isotope of Carbon^ in the 
Carboxyl Position — ^The available source of the stable isotope of carbon 
was the inert hydrocarbon, methane. The methane was burned to carbon 
dioxide and this product was used to carbonate a Grignard reagent, 
CHjMgl. On hydrolysis with acid, an aqueous solution of acetic acid 
containing the tagged atom in the carboxjd group was obtained. The 
anhydrous sodium salt was then formed, and treated with phosphorus 
oxychloride and then brominated. In order to obtain the free bromoacetic 
acid, the bromoacetyl chloride was hydrolyzed wth water. The free acid 
was treated with a large excess of aqueous ammonia, and the glj'cine was 
precipitated by the addition of methanol and recrj'stallized from methanol- 

• The experimental data arc taken from a thesis submitted to the Facult 3 ' of the 
Graduate School of the Universitj’ of Minnesota bj- Norman S. Olsen in partial fulfil- 
meni of the requirements for the degree of Doctor of Philosophy. 

* Throtighout this paper the symbol C* will be used to indicate the stable isotope 
of carbon of mass 13. 
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wfttor iniNltiiTK. Hhih KViithf'pircd ftnd u=cd in these experi- 

iiK'iilv'i had nn nhiindnnrc of •!..'{ I pfr mif rnrlwri of nins.s 13.- A siimmarj' 
of the re.'irlioDK nnd yields with 2 pm. siatnplea of rnethano is given in Table 
I. The jnirity of (lu' aynf hesirf-jl glycine wna dcterniincd by micro carbon, 
liydropen, nnd nitrr>(’en (ICjehlnhl) rlelermin.afioriM; (he prepamtion had a 
ooiTCcted inellitip point (dernmpoMifion) of 231”. 

.-Irmti/sis— t^ilcultilcd. (I.'P.ns, If C.T'J, N IS.fiCi 

roniid. " .T2.1.1. “ f..70, •' IS.W. |S,f)l 

Biological Kxjycrimeals — One of the important problems which suggested 
this study was the conversion of glycine to liver glycogen. Tliis haslreen 
a controversial issue since Lusk (1) found a cpianlitative conversion of in- 


'I’Ani.n I 

Sumvinrij of lier.cliou YitUls 

The isotopr of cnrlmri of iniis!t l.T is repro.“cnto(l hy the symbol C*. 


Kficiioft 

Ktse(i'’n yieW 

Ovcr-illyitU 


/ff ctnt 

fr ((»• 

c*n, - c*o, + iLO 

PS 

OS 

ciljl -p Mb -* CILMrI 

P5 

93 

CILMeI -f C‘0. 1U,CH.C*00H 

SO 

S2 

CHjC'OOn + XnOII CII,C*OOXn . . 

100 

S2 

GH,C*OONa -P POCl, CH,C*OCI 

SO 

CG 

CH,C*OCl -P Brj Cn.BrC'OCl ... . 

SO 

53 

CH,BrC*OCI + II.O — CII,BrC*OOII ... 

so 

42 

CHjBrC^OOH -P NH, CII.NH.C'OOU 

75 

32 


gested gb'cine into urinarj' glucose in phlorliizinizcd dogs. MacKay and 
his co-workers (2) have found that the peak of glycogen formation from 
glycine occurs 14 hours after ingestion. Using adult male albino mice and 
the procedure described below, we found a peak in liver glycogen formation 
10 hours after feeding normal gly'cinc by stomach tube. Tire fasting level 
of liver gljmogen, expressed as glucose, was 1 mg. per gm. of liver, while the 
level at the peak avei-aged 10 to 14 mg. per gm, of li\mr. 

Adult male albino mice, Strain A, were fasted for 24 houi-s. The 3 ’’ "'ere 
then put into a closed sj^stem and respiratory carbon dioxide was collected 
for 2 houi-s. At the end of this period thej'- were removed and fed, b^^ 
stomach tube, either water, an aqueous solution of normal glj'cine, or an 
aqueous solution of isotopic gljmine, and were finallj' returned to the metab- 
olism cage. The animals given water or an aqueous solution of normal 

moles C” 

* Per cent C*’ = — : — „ , ; X 100. 

moles C* + moles C” 
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gtycine served as controls for the animals given isotopic gljxine. The 
respiratorj' carbon dioxide was collected in varjdng fractions throughout 
the next 16 hours. At the end of 16 hours, the animal was removed from 
the chamber and anesthetized with nembutal. The liver was then rapidl}' 
extirpated, excess blood was blotted off, and the liver was weighed and 
placed in hot 30 per cent potassium hj'droxide. Glycogen was determined 
by the method of Good, Kramer, and Somogj’i (3). The gastrointestinal 
tract was stripped out, washed, and analj'zed. The animal was then cut 
lengthwise along the spinal column, and half of the carcass was placed in 
a weighed tube containing hot 30 per cent potassium hydroxide. The 
tissue glycogen was determined on this hah, and the alcoholic supernatant 
fluid remaining after precipitation of gl 3 'cogen was acidified, extracted ivith 
petroleum ether, and labeled as the lipid fraction. Some bone remains 
after alkaline digestion; this was washed and saved. The other half of the 
carcass was subjected to thorough dissection, the bone being carefully sepa- 
rated out. In Table III the former fraction is labeled “residual bone” and 
the latter "dissected bone.” The minced residue after dissection was heated 
to the boiling point wth a 10 per cent solution of sodium tungstate and an 
equal volume of 0.66 n sulfuric acid was added. The mixture was boiled for 
a period of 5 minutes and the precipitate was centrifuged off on cooling. 
This e.xtraction procedure was repeated three times, a total of 300 ml. of 
sodium tungstate solution being used. The precipitate was dried by heat- 
ing overnight in an oven at 90° and then extracted with petroleum ether 
in a Soxhlet apparatus for 6 hours to remove any lipids. The remaining 
precipitate was called the protein fraction and the tungstic acid filtrates 
comprised the water-soluble constituents. It is recognized that this 
separation is not absolute. 

It was decided that since the mouse was such a small e.xperimental 
animal onl}' gross fractions would be taken. Bj’’ this technique, if any 
interesting results were found in the large groups, they could be further 
fractionated to discover the individual compound or group of compounds 
responsible for the activitj'. 

All the fractions were oxidized to carbon dioxide, uith the chromic acid 
reagent of Van Slj'ke and Folch (4). The carbon dioxide thus obtained 
and also that extracted from the respiratorj’ samples were analj'zed in the 
mass spectrometer and the abundance of the stable carbon isotope was 
determined. 


DISCUSSION 

Respiratory Carbon Dioxide — These data are found in Table II and repre- 
sent onlj' one of four experiments with isotopic glj'cine. The total carbon 
excretions were sunilar to those obtained with normal glycine. The animal 



()M ni.YciNt; MCTAiioMfnr 

was plac('(l in llic m(’(.’iI)oli‘iin ohninlMT 2 lu)iirs prior to frcding, in order to 
accusloin it, f<» th(‘ new cnvironinoiit. If iM noted that the excretion of 
carbon dioxide fluettintea dnrinK Itiia ix'riod. This may be due to the 
nervousness or enriosity of tlie anitnid in its ne^v surroundings. After 
tbe feeding of glycine the (>xeretion of e.arbon dioxide increased immediate!} 
niul continued for 2 hours and then fell to a .subb.'isal level. Tlii-s increase 
immediately following feeding occurred in every (•as(>, in .spite of the fact 


T.riii.i: II 

lUnpiratorii ('iirhon Dinridr 

Encli perioil iiichidcfl 30 aiiniilc;!. The ri'.tfiiratory rarlton dioxide n-ns determined 
hy the Van Slyke luniioinetrie terliiiif|iie in diipliente, and is reported ns mg. o cm- 
hoM. TJie ahiindanro liu'.a,Miiremenl.s were eorreeted to tlie standard, which WM 
reagent sodium biearlionate (Merck), 1 . 00 p<’r rent 0*. 


Period No. 

carbon 

Carbon ncr 
periofl 

t 

C* 

c* 

rcfovfffd 1 

1 Fraction of 
total carl'on 
from frd 
irlycine 

Added 

carbon 

recovered 

Added 

glycine 

recovered 


— 

ne. 

I c. 

1 fereent \ 

1 /er Cfnt 

f‘er cent 

mi. 

m. 

1 

13.77 

13.77 

! 1.07 i 





2 

18.89 

18.89 

! 1.07 





3 

15.41 

15.41 

1.08 





4 

14.25 

14.25 

1.07 




1.13 

5* 

18.87 

18.87 

1.13 

0.0 

1. 8 

0.3C 

0 

20.95 

20.95 

1.26 

3.2 

1 5.8 

1.28 i 

d.OO 

7 ! 

17.50 

17.50 

1.28 

2.9 

6.4 

i 1.16 

3.62 

® 1 

15.31 

15.31 

1.29 

2.7 

6.7 

l.OS 

3.37 

9-10 

22.46 

11.23 

1.33 

4.7 

: S.O 

1.88 

5.87 

11-12 

29.64 

14.77 

1.38 

7.3 

9.5 

2.92 

9.12 

13-16 

45,25 

11.31 

1.36 

10.4 

S.9 

4.16 

13.00 

17-20 

50.41 

12.60 ' 

1.32 

10.1 

7.6 

4.04 

12.60 

21-36 

211.00 

13.81 

1.17 

6.7 

3.1 

2.CS 

S.3S 

Total recoveries 

48.9 

1 

1 19.56 

1 



* 125 mg. of glycine, containing 4.3-1 per cent C*, were fed by stomach tube at the 
beginning of this period. 


that the animal was almost anesthetized by the intake of a relatively large 
volume of water (1 ml.). That the rise was not due to the intake of water 
alone was shown by a series of e.xperiments in which the same amount of 
distilled water was fed. In these experiments, a sharp decrease in carbon 
dioxide excretion was found. The increase in carbon dioxide excretion in 
the previous experiments was due, apparently, to some action of the in- 
gested glycine. The abundance measurements showed that the ingested 
tagged atoms were almost immediately excreted in the form of carbon dio.x- 
ide, and the recovery of the glycine carbon was constant for 8 hours at a 
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level of 2 mg. per half hour period. The total recovery of the ingested C* 
was approximately 50 per cent. In other words, during the 16 hour period 
of metabolism half of the ingested glycine was oxidized to carbon dioxide. 
It is interesting to calculate that the marked rise in carbon dioxide excre- 
tion immediatel}' follo^^ing the ingestion of glycine was much greater than 
could be accounted for b 3 ' the oxidation of glj'cine as determined by the 
abundance mea.surements. This maj' be e\ndence of the so called “specific 
djmamic action” effect of gh’cine. 

Table III 

Body F TactioM Other Than Liver Glycogen 


The values given are averages of groups each containing four mice. The range is 
indicated by the figures in parentheses. The abundance measurements are averages 
of two and three values, each requiring five to seven readings. 


Fraction 

Normal glycine 

l50topicglycme 

Weight per animal 

B 

Weight per animal 

B 

Recov- 

of?. 


r«. 

ftfunt 

[m. 

Percent 

Per cent 

Tissue glycogen 

9.1* (5.5-12.5) 

1.08 

5.2 (4.0 -6.8) 

1.08 

0 

Residual bone 

0.6 (0.5- 0.8) 

1.07 

0.7 (0.5 -0.9) 

1.07 

0 

Dissected " 

1.2 (0.9- 1.6) 

1.07 

1.6 (1.0 -2.4) 

1.07 

0 

Lipids 

0.9 (0.6- 1,2) 

1.07 

1.1 (0.9 -1.2) 

1.07 

0 

Proteins 

5.5 (3.4- 7.5) 

1.07 

7.2 (6.2 -8.0) 

1.07 

0 

Water-soluble constitu- 






ents 


1.08 


1.09 

t 

Gastrointestinal tract . . . 



0,098t (0.088-0.110) 

1.11 

3.2 

Urine and urinary blad- 






der 



0.057t (0.022-0.128) 

1.37 

6.8 


* Mg. of glycogen as glucose. 

t In one case 9,9 per cent of added C* was recovered, 
t Gm. of carbon. 


Various Body Fractions — These data are given in Table III. It is noted 
that the majority of the fractions isolated contained no more than the 
normal abundance of the tagged atom. In certain substances, such as 
protein and lipids, this tends to be misleading. Since the amount of carbon 
in these fractions is verj' large as compared tilth the amount of tagged atom 
fed, there is a chance that a small concentration of the carbon isotope would 
be missed. This might plausibty e.xplain the fact that no activity was noted 
in the protein fraction as one might be led to believe bj' some of Schoen- 
heimer’s work (5) — that some of the ingested glycine would be incorporated 
in this fraction. In one e.xperiment, an excess of the tracer was found in the 
water-soluble fraction. There is also noted a recovery* in the gastroin- 
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(cstinnl trad, arul in tlin urinary fradiotiK. 7’hn excels of the carbon iso- 
tope over nonnal in the.'-e frnrtion.'J maj' he flue to unchanged, unabsorbed 
glycine, or pns.Mil)ly to one or more of the mdal)oIic i)roducts. It was im- 
possible to fradionate those pfu-tiona, aa the amounts were quite small. 
Apj)roximatoly d per cent of the tagged atoms was recovered in the urine 
fniction, .'1 per cent in the gastrointestinal tnict, and 20 per cent in the 
watcr-.soluhle fraction. 

Liver (7/;/fof/rn— 'I'liese data are given in 'I able I\'. The glycogen Iso- 
lated from the animals fe<l isotojfie glycine (‘1.31 per cent C*) contained 
.significant amounts of the tagged atom, ratios of 1.23 to 1.3Sin comparison 
to the normal value of l.OS. Thetofore, it can bo definitely concluded 
that some of the isotopic carbon from the fed glycine actually went into 


T.\m.f: IV 
Liver Glycogen 


In ExporimciU.s A tlirougli D nornuil glycine wnn fed; in Experiment.s E through L, 
isotopi c glycine, ‘1.31 per cent C*. Liver glycogen i.s exprc.s.sod n.s mg. of glucose. 


Expcrimenl 

>Ycid>t of 
&nima\ 

Wcicht 
of liver 

Glucose 

C* 

c» 

recovTreti 

Added 

carton 

recovfffd 

111 


rrr. 

Xn, 

«c. 

ft' ttn! 

f<r cent 

'tf. 

nr. 

A 

21.0 

l.C 

5.8 

l.OS 




B 

23.2 

1.9 

10. S 

l.OS 




C 

22,1 

1.3 

15.1 

l.OS 




D 

25.5 

1.4 

10.4 

l.OS 




Et 

20.5 

2.0 

19.8 

1.23 

1.19 

0.4S 

1.49 

H 

22.0 

1.1 

13.0 

1.2D 

1.00 

0.40 

1.25 

J 

22.0 

1.2 

7.0 

1.3S 

0.09 

0.2S 

O.SC 

L 

25.1 

l.C 

17.2 

1. 30 

1.57 

0.03 

1.97 


t Isotopic glycine contained 3.S0 per cent C*. 


the newly formed gljmogen. Calculations can be made which show that 
only a small proportion of the tracer is incorporated into the new molecule; 
1 carboxjd carbon from glycine could occur in approximatelj' ever}’’ 4th 
molecule of glucose. For e.\ample, in one e.xperiment a final isotopic ratio 
of 1.29 was obtained. If we attribute all of the e.xcess of C* in the glucose 
to 1 carbon atom, the abundance of that carbon would be 


5 X 1 1 - ^ - r. • - -Lgj 

^ 101.1 ^ ^ 100 -h A' ® ^ 101.3’ 


X = 2.35 


However, we know that the carbox}'! carbon of the glycine fed was 7.84. 


y X 


101.1 ^ 107.8 


(1 + y) 


1.29 

101.3' 


y = 29.3 
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Therefore, 1 carboxyl carbon from gli'clne occurs for everj’’ 29.3 normal 
carbon atoms, or evety 4 to 5 molecules of glucose. We postulate that, 
besides entering into the liv-er glycogen to a small degree, the ingested 
glycine in some way promotes the formation of gljTogen from other body 
constituents. This view is not new, as Dakin (6) believed that a direct 
conversion by the fully diabetic animal of the carbon of gl 3 'cme to glucose 
does not take place “but rather that it causes a disturbance in the normal 
equilibrium e.xisting between the amino-acids or peptides in the bodj' tissues 
vith the result that other amino-acids, capable of furnishing glucose [e.^., 
alanine] are set free.” The present experiments with heavj’’ carbon give 
direct proof to this theory and emphasize the point that all conversion ex- 
periments based on analj-tical data should be interpreted as indicating the 
abUitj' of the fed compound to promote the formation of, rather than the 
direct conversion to, the new substance. Reid’s results (7) on the effect 
of glycine on protein catabolism as measured by nitrogen and sulfur e.xcre- 
tion in dogs would lend weight to this idea. The fact that Gurin and 
Wilson (8) report that alanine containing C* was not quantitativelj’' trans- 
formed to urinaiy glucose in phlorhizinized rats is also evidence in favor of 
this postulation. 

We ■wish to express our appreciation to Dr. Richard H. Barnes and Dr. 
George 0. Burr for their advice and helpful criticism. 

SUMMARY 

1. Glj’cine containing the stable isotope of carbon in the carbo.xyl car- 
bon has been sjmthesized from methane, in an over-all yield of 32 per cent. 

2. The peak of liver gljxogen storage in adult albino male mice occurred 
16 hours after the ingestion of glycine. 

3. In a period of 16 hours after feeding tagged gljxme to a mouse, about 
50 per cent of the tagged atoms was found in the respired carbon dioxide. 
An increased output of respired carbon dioxide was noted in the early pe- 
nods after feeding. The increase could not be completely accounted for 
by the combustion of the added glj’cine as measured bj' the isotopic excess, 

4. The liver gljxogen isolated from mice fed tagged gljxine was found to 
contain an excess of the isotope. This recoveij' amounted to about 1 
per cent of the fed isotope. The rise in the liver gljxogen was more than 
could be accounted for bj' the conversion of gljxine to gljxogen, as meas- 
ured bj’ the isotope excess. 
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PHENYLAiMINOBUTYRIC ACID WITH p-AMINO- 
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(Received for publication, April 5, 19-13) 

In a previous studj’- of the acetylation of phenylaminobutj'ric acid (1), 
it was found that, when the I isomer was fed to rats whose bodj' water con- 
tained D.O, the acetyl-f-phenylaminobutjwic acid isolated from the urine 
contained deuterium in the acetyl group. To ascertain the specificitt' of 
this reaction, as well as its significance to the mechanism of acetylation, 
other acetylations in the animal body have now been investigated in a man- 
ner designed to reveal whether thej', too, show the uptake of deuterium 
in the acetyl group. This study has included the acetylation of sulfanil- 
amide and p-aminoben 2 oic acid. ^loreover, an extension of the earlier 
work to d-phenj’laminobut 3 Tic acid has been made in order to determine 
whether the behavior of d-phenj'laminobutyric acid is identical mth that 
of l-phenj'laminobutj'ric acid in so far as the uptake of deuterium in the 
acetj’l group is concerned. An e.vperiment in which d-phenylaminobutjTic 
acid was fed to a rat under the same conditions as the I isomer showed that 
the deuterium content of the acctyl-Z compound, which was isolated from 
the urine, was the same as that of the acetj'l-f-phenj'laminobutj'ric acid 
obtained after the feeding of the Z-phenylaminobutyiic acid. 

Sulfanilamide and p-aminobenzoic acid were fed to rats whose bod}' 
water was maintained at approximately a 2.5 per cent D 2 O level, and the 
corresponding acetyl compounds were isolated from the urine and were 
hj’drolyzed. Deuterium analj'ses were performed on the isolated acetyl 
compounds and, after hj'drolysis, values for deuterium content of the re- 
sulting sulfanilamide, p-aminobenzoic acid, and acetic acid (as silver 
acetate) were also obtained. In addition, in the case of the animal re- 
ceiving sulfanilamide, the presence of deuterium was sought in the non- 
acetylated sulfanilamide found in the urine. Deuterium was found to be 
present onlj- in the acetj-l group of both excreted acetj’l compounds, in 

^5^’'°''’hdEcment is made to EH Lilly and Company for a research grant which 
aided in the present investigation. 

t Royal Society of Canada Fellow. Present address. Department of Biochemis- 
^ , Bowman Gray School of Medicine, Wake Forest College, 3Vinston-Salem, Xorth 
Carolina, 
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approxiniiitcly iIk' f;anic miioiinf. ft.s fomul in tlic ncctyl grouj) of acctyl-!- 
plionylmninolnityrif arid i'.olntod aftor d- or /-phcnylmninobutyric acid 
was 

] ho alalalily of (lie liydroftcti alnttia of the aoofyl compounds in vivo was 
sliuiiod in order to dotonoino wlK'thor (ho acetyl comjiounda perse or the 
preeuiYor of tlie acetyl f^roiip takes up tlie deuteriuni. Accordingh', rats 
were fed tlie acetyl flerivativcs of .sidfanilaniide and p-aminohenzoie acid 
under the same conditions which had heen used in (he administration of 
the free acids. The acetyhidfanihunide arul ncetyh/i-nminohenzoic acid 
c.vcreted in th(' urine eontained no fleuteriuni. 

l^outeriiun e.vchange studies in vitro were designed to dotcrininc the 
extent, of (he exchange, if any, whicli occurs during the acid hydroU'sis of 
(he, acetyl derivative. 'I’hc acetyl derivatives of sulfanilamide and 
jj-nniinolrenzoic acid were hydrolyzerl in the presence of doutcriiiin oxide 
and the re.sulting acetic acid, .sidfanilnniide, and p-aniinobenzoic acid were 
analyzed for deutcriuin. Th(> exchangeahility of the liydrogcn of 
df-phenylaminobutyric acid in acid solution wa.s likewise investigated. 
None of the compounds showed any exchange of hydrogen in (he acetyl 
gz’oup during hydroly.sis and only jr-aniinobenzoic acid exchanged approxi- 
mately 1 atom in tlic benzene ring. 

KXt’KniME.N’TAl, 

riic body water of the rubs wa.s maintained at 2 to 3 per cent DjO in a 
manner previously dc.scribed (1). The substances fed were administered 
by stomach tube twice daily, admixed with a modified licjuid diet. The 
diet consisted of the following: skim milk powder 55.0 })cr cent, ^lazola 
oil 25.8 per cent, cod liver oil 5.5 per cent, Osborne and iNIendol salt mi.xture 
(2) 0.5 per cent, yeast 2.2 per cent, dc.\trin 11.0 per cent. Approximately 
6 gm. of this diet were mixed with the amount of substance to be fed per 
day and the mixture was diluted with sufficient 4 per cent D 2 O (15 to 18 cc.) 
to peimit easy passage of the diet through the stomach tube. The c.ages 
were mounted over large screened funnels. Toluene was used as a pre- 
servative for the collected urine in the feeding experiments of long dura- 
tion. In all expei’iments a small quantity of urine was reserx’ed for analysis 
in order to deteimine the deuterium content of the bodv water. The acet 3 ’l 
derivatives were isolated from the urine. 

It was desirable to determine by direct means both the amount and 
position of the deuterium in the acetyl gi'oup of the compound. This was 
accomplished by hydroly^zing the acetyl compounds and detennining the 
amount of deuterium in the acetic acid (as silver acetate) in addition to 
p-aminobenzoic acid and sulfanilamide isolated from the hj^drolytic 
mixture. 
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Feeding Experiments vriih p-Aminobenzoic Acid — 300 mg. of p-amino- 
benzoic acid were administered daily for 21 daj’s to a 250 gm. rat whose 
body water was maintained at approximately a 2.4 per cent D.O level. 
The acetyl-p-aminobenzoic acid was isolated from the urine bj' continuous 
ether extraction in the manner described bj' Harrow, Mazur, and Sherwin 
(3). A total of 310 mg. of acetyl-p-aminobenzoic acid melting at 256° was 
obtained. This compound, as shown in Table I, contained 0.51 atom per 
cent deuterium, which is equivalent to 1.9 atoms. In another experiment 
in which 1.5 gm. of p-aminobenzoic acid were fed to a rat whose body water 
was maintained at approximately 1.7 atom per cent deuterium, 80 mg. of 


TABin I 

Deuterium Content of Excreted Compounrfs 



Body 


1 


SubsUnce fed 

fluid 

Sabstance isolated 

I Denteriom content 


teriom 





altfrt 

perccrJ 


ct^ per cent 

clems 

p-.\ininobenzoic acid 

1.73 

Acetyl-p-aminobenzoic 

0.51 ±0.06 

2.7±0.3 



acid 



t* ft 

2.40 

<1 ft 

0.51 ±0.10 

1.9±0.4 



p-Aminobenzoic acid 

0.0 

0.0 

Acetyl-p-aminobenzoic 


.Acetic acid (.Ag salt) 

1.65±0.15 

2.1±0.2 

2.18 

.Acetyl-p-aminobenzoic 

0.04±0.05 

0.2±0.2 

acid 


acid 



Sulfanilamide 

3.38 

Acetylsulfanilamide 

0.79±0.07 

2.3±0.2 



Unchanged sulfanilamide 

0.0 ±0.04 

0.0±0.1 


2.77 

Acetylsulfanilamide 

0.54±0.12 

2.0±0.4 



Sulfanilamide 

0.07±0.06 

0.3±0.2 



Acetic acid (Ag salt) 

1.92±0.21 

2.1± 0.2 



Unchanged stilfanilamide 

0.03±0.10 

0.1±0.3 

Acetylsulfanilamide 

2.35 

Acetylsulfanilamide 

0.06±0.08 

0.3±0.4 

d-Phenylaminobutyric 

2.23 

Acetyl-l-phenylamino- 

0.50±0.03 

3.4±0.2 

acid 


butyric acid 



— 






acetyl-p-aminobenzoic acid were isolated from the urine and were found to 
contain 0.51 atom per cent deuterium, which is equivalent to 2.7 atoms, 
as shown in Table I. 

190 mg. of the 310 mg. sample of acetyl-p-aminobenzoic acid were sus- 
pended in approximately 1.5 n HCl and the mixture refluxed for 1.5 hours. 
The hj’drolysate was poured slowly with ^■igorous stirring into 400 cc. of 
hot 1 per cent silver sulfate solution and the resulting precipitate of silver 
chloride was removed by filtration. The filtrate was made alkaline to 
litmus with saturated barium hydroxide solution and was evaporated to a 
'olume of 50 cc. This concentrate, containing the p-aminobenzoic acid 
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and acetic acid freed by hydrolyai.'J, waa acidified to C^)ngo reel with 10 
per cent. !^<)Iiiti()n ; the ItaSOi Wie; reinove'd ley filtration, and the 

filtrate wiis distilled ia rnnio. The distillate, ctnitaining acetic acid, was 
titrated to the neutraliitatioii point wifli <) ee. of 0.101 .v NnOII solution 
and wa.s pre.served. 

The rc.sidno of /i-.'iminobenzoie acid \va.s tran.sh'rred with H;0 to aeon- 
tinuou.s extractor and the solution was extracted with ether for 8 hours. 
The ether extract wa.s evaporated to dryiH's.s, aiul tlic residue was dissolved 
in nb.solutc alcohol and wa.s treated with charcoal. The alcohol solution 
wa.s cvaponitcd to dryne.s.s. 'J'he ji-aininohcnzoic acid obtained weighed 
10-1 mg. and melted at ISS-ISO”. 

The neutralized distillate was eoncentrateil in vacuo and the residue uas 
dissolved in a few cc. of II;0. After careful acidification to Congo red uith 
10 per cent II^SO< the liberated acetic acid was distilled in vacuo. The 
distillate was transferred to a mortar and thoroughly ground with AgjO. 
The cxcc.ss Ag;0 was rornoved In* filtration and the .solution of silver acetate 
was rapidly concentrated to a small volume in vacuo. On the addition 
of SO cc. of absolute alcohol to the concentrate, crystalline white siher 
acetate separated. This irroduct, after it had been filtered and dried, 
weighed 81 mg. Deuterium analyses on the acetyl-p-aminobenzoic acid, 
silver acetate, and p-aminobenzoic acid, as well ns the urine (body water), 
are shown in Table I. 

Feeding Experiments with Sulfanilamide — In a preliminary c.xperiment 
a total of 2.3 gm. of sulfanilamide .suspended in oil was injected into two 
rats at the rate of 300 mg. per day and G5 mg. of acetylsulfanilamide, 
melting at 218°, and lOG mg. of free unchanged sulfanilamide, melting at 
1G7-1G8°, were isolated from the combined urine samples. The average 
deuterium content of the body water of the two rats and tlie deuterium 
content of the isolated compounds are shown in Table I. In a second 
experiment 300 mg. of sulfanilanridc were administered daily for 21 days 
by a stomach tube to a rat whose body fluids were maintained at approxi- 
mately a 2.8 per cent D 2 O level. Tlic urine was concentrated in vacuo. 
A mixture of unchanged sulfanilamide and acet 3 dsulfanilamidc ciystallized 
from the cooled solution. The amount of unchanged sulfanilamide was 
greatly in excess of the acetylsulfanilamide. It was necessary" to carry out 
many fractional crystallizations from aqueous solution in order to separate 
the two substances. The acet 3 d compound ciystallized in characteristic 
long needles, the sulfanilamide in cubes and plates. 207 mg. of acet 3 d- 
sulfanilamide which melted at 218° were isolated. 

1G7 mg. of this acetylsulfanilamide were hydrolyzed nith HCl and the 
mineral acid Avas removed from the mixture in the manner described for 
the hydrolysis of acetyl-p-aminobenzoic acid. The distillate contained an 
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amount of the acetic acid equivalent to 6.5 cc. of 0.104 n NaOH. 57 mg. 
of silver acetate were isolated from the distillate in the manner previously 
described. To the residue of the sulfanilamide liberated by the hydrolysis 
5 cc. of HiO were added. The H«S 04 was removed as BaSO^. After the 
sulfate-free solution had been evaporated to dryness, the residue was 
dissolved in absolute alcohol. The solution was filtered and was evapo- 
rated to domess; 78 mg. of sulfanilamide melting at 164-166° were ob- 
tained. Deuterium analyses on acetylsulfanilamide, sulfanilamide, silver 
acetate, and the bod 5 ’' water of the rat are shown in Table I. 

Feeding Experiment with d-Phenylaminobutyric Acid — ^250 mg. of d-phen- 
ylaminobutyric acid were administered by stomach tube daily for 7 days 
to a rat whose body water was maintained at about a 2.2 per cent D 2 O 
level. The urine was acidified ivith HjSOi and was extracted continuouslj^ 
for 8 hours with ether. The ether extract on evaporation to drjmess 


Table II 

Deuterium Exchange in Acid Hydrolysis 


Compound hydroly2«<i 

Deutenom 

coQteatoC 

hydrolytic 

medium 

Compound isoUted 

Deuterium 

content 

No. of 

hydrogen atoms 
exchanged 

.\cetylsulfanilamide 

Acotyl-p-aminobenzoic 

acid 

di-Phenylaininobutyric 

acid 

at^ 

percent 

2.56 

1.95 

4.3 

Sulfanilamide 

Acetic acid (Ag salt) 
p-Aminobenzoic acid 
Acetic acid (Ag salt) 
df-Phenylaminobutyric 
acid 

etem per cent 

0.05± 0.04 
0.20±0.22 
0.36± 0.05 
0.24 ±0.20 
0.10±0.07 

0.17±0.13 
0.23±0.2S 
1.29± 0.18 
0.37±0.30 
0.30±0.21 


yielded acetyl-Z-phenylaminobutyric acid. This was reciystallized twice 
from hot water. 407 mg. of acetyl compound melting at 179-180° were 
obtained. It ivill be noted in Table I that the acetyl compound contained 
an amount of deuterium corresponding to 3.4 atoms. It has been previ- 
ously shown (1) that, after hydrolysis of the excreted acetyl derivative, the 
phenylaminobutyric acid contains deuterium in an amount equivalent to 
1 atom, which was demonstrated to be in the a position. Since practically 
no deuterium could have been lost in the acid portion of the molecule 
during hydrolysis, as shown in a subsequent experiment in this paper in 
which the exchange of phenylaminobutyric acid with D 2 O under hi'drolidic 
conditions was investigated, it may be concluded that the acetyl group 
contained the equivalent of approximately 2.4 atoms of deuterium. 

Feeding Experiments with Acetyl Derivatives of Sidfanilamide and p- 
Aminobensoic Acid — One rat whose body fluids were maintained at appro.xi- 
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ina(<'I\' n 2A per fciil D-.O !('Vi'I nrcivcd orally 300 mg. of ucctylsulfanil- 
aniido for 3 (lays mul atiotlw-r rat inaintniiicd at. approximately a 2.2 per 
rent I);!) Irvrl rrrrivrd 300 ing. of arclyl-p-atuinobonMic acid for the 
.‘'•aiiK! Irnglli of litnr, 'I'lir arrlyl^itdfanilaniide and aretyl-p-aminobcnzoic 
arid ipolsitrd from tlir nrinr of rarh rat rnrllrd at 21S° and 25G°, rcspcc- 
fivoly. 'J’lir (Irntrrinm an.aiy.^ra for tluvr rotn()oiin(h and the correspond- 
ing lindy uatrix an' indirafrd in 'I'ablr I. 

Drult ritnn Kxrhaiujr of Arrtir Arid, p-Ainimhrii:i)ir And, Sulfanilamide, 
071(1 (ll-}‘}ii /n/I(tviitinhul!/rir Arid iifidrr ('(iriditin/n' of Ilijdrohjsis Synthetic 
acctyl-7J-aininobrnzoir arid and arrlylaulfanil.'iinirlr were hydrolyzed m a 
solution of IK 'I in dilntr D-O under o.vaetly the same conditions described 
previously. 'J’lio r('.sulting silver aretalc', sulfanilamide, and p-aminoben- 
zoic acid were analyzed for deuterium ('I'ahle II). 

d/-Phenylaminohutyrir arid \va.s boiled with 2 N IICl in DjO (4.3 atom 
per cent) for 2f) hours. 'I’ho HCI wim removed by distillation and the 
<//-phcnyIaminobutyric acid, after two crystallizations from HjO, nos 
analyzed for deuterium. 'J’he analytical rr.stdt is shown in Table II- 

niscussio.v 

Tlic acetylations which we have studied have one feature in common, 
deuterium from the body water is found in the acetyl group of theacetyl- 
ated compound.* Furthermore, since the deuterium from the body water 
does not enter tlic preformed acetyl derivati^’cs, tlie deuterium mustha^e 
been taken up by a prccui-sor of the acetyl group before or during the 
process of acetylation. 

One of the possible mechanisms suggested for the formation of acetyd-l- 
phenylaminobutyric acid in vivo from d-phenylaminobutyric acid (8, 1) 
involved a condensation of ammonia, pynivic acid, and the keto acid de- 
rived from the d acid. The phenyliminobutyric acid resulting from the 
condensation of phenylketobutyric acid with ammonia, according to this 
mechanism, condenses with pyruvic acid. An intramolecular oxidation- 
reduction of this condensation product results in the formation of acetyl-f- 
pbenylaminobutyric acid. Sulfanilamide and p-aminobenzoic acid differ 
from the d- and I-phenydaminobutyric acids in that the amino group in 

' It is of interest to note tlmt none of the excreted compounds which had been 
acctylated in tlie animal body had e.xclmngcd the hydrogen in the benzene ring. On 
the other hand, tyrosine, for c.xample, takes up stable deuterium both in viiro (4) 
and in vivo (5, 6). Best and Wilson (7) have demonstrated that an amino group 
has the same qualitative activity as a hydroxyl group in labilizing the hydrogen of 
the benzene ring in vitro. Under the conditions of lij-drolj’sis of the experiments in 
vitro in the present study, only p-nminobenzoic acid exchanged hydrogen atoms in 
the benzene ring. 
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these compounds is attached directly to the benzene ring, and the foimation 
of the acetyl derivatives of sulfanilamide and p-aminobenzoic acid, there- 
fore, could not involve an intramolecular oxidation-reduction reaction. 
In the present investigation in which the acetyl derivatives were formed 
in vivo in a medium of D;0, no distinction in the deuterium content of the 
acetyl group was observed between sulfanilamide and p-aminobenzoic acid 
■ on the one hand and phenylaminobutyric acid on the other. 

However, the deuterium studies place a restriction on an acceptable 
mechanism for any of the acetjdations reported in this paper; namely, a 
specific requirement for the precursor of the acetyl group. This precursor 
must be a molecule which is capable of exchanging its hydrogen or reacting 
.chemically with body water. In view of the fact that the acetyl group 
always contained approximatelj' the same amount of deuterium, it may 
be. that there exists onlj' one precursor substance for the acetjd group, 
irrespective of the character of the substance being acet 3 dat€d and of the 
precise nature of the acetylation process. 

There is no doubt that exogenous acetic acid, as well as pyruvic acid, 
can function as a precursor in the formation of some acetyl derivatives. 
In fact, the possibility of acetic acid being an acetylating agent has already 
been pointed out in a detailed discussion of the acetylation of phenyl- 
aminobutyric acid (1). Klein and Harris (9) found that added acetate, 
pyruvate, lactate, and acetoacetate increase the amount of acetylsul- 
fanilamide produced b}' surviving rabbit liver slices. James (10) reported 
increased amounts of acetylsulfanilamide in the urine of mice receiving 
both acetate and sulfanilamide. Harrow and coworkers (11) have shomi 
that both pj'ruvic and acetic acids augment the excretion of acetyl-p- 
ammobenzoic acid by rabbits fed p-aminobenzoic acid. Recently, Bern- 
hard (12) demonstrated the presence of deuterium in the acetyl group of 
acetylsulfanilamide and acetj'l-p-aminobenzoic acid excreted by rabbits 
receiving deuterioacetic acid or deuterioethyl alcohol in addition to the 
chemicals fed. Bernhard and Steinhauser (13) have also found deuterium 
m the acetyl derivatives excreted by dogs fed deuterioacetic acid and d- 
or i-hexahydrophenjdalanine, a substance similar to phenjdarainobutj'ric 
acid in behavior as well as structure since the form corresponding to the 
unnatural series of amino acids is inverted upon acetj'lation. In the 
formation of acetj'lphenj'laminobutj'ric acid, Knoop and Blanco (14) were 
able to increase the amount of acetj'lphen.vlaminobutj'ric acid excreted 
when pjuiivic acid was fed simultaneously with phen.vlketobutj'ric acid to 
an extent greater than when butj'ric acid or acetic acid was fed. 

Since acetic acid does not exchange its hj'drogen nlth that of the body 
vuter appreciablj-, as shown by the work of Bernhard (12), the present 
investigation would indicate that if acetic acid is an acetj’lating agent 
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il. imi.'i} 1)0 forriK’d in tho body by jiri irrcvonsiblo procc?.^ which introduces 
(ho hydrof'on of (ho body wafor into tho moloculo. I’ynivic acid docs not 
oxohfinpo with wntor rf'.'ulily in i-itrn (15), nnd, if this holds in vivo, then 
[lynivio noid, to (inalify ns n firooursor of (ho nootyl proiip, must also be 
fonnod in (ho body in a tnannor whioh pormits (ho on( ranee of the hydrogen 
of tho body water into thi' inolooiilo. 

aOMMAKV 

Till! aootylation of p-aminobonroio arid, of snlfanilamitlo, and of d- 
phonyhuninobutyrio aoic! hius boon studied in animals whose body fluids 
oontain doiitorinni. In all oases, a(»pro.\iniatoly the same amount of 
dou(oriuin was found (o bo pri'sont in (ho aootyl prouj) of the ncetylatcd 
oompomuls. 'i'ho iinjilioations conoomiriR tho mechanism of acetylation 
arc disoussod. Tho oxohanKoability of (ho acetyl compoiinils under condi- 
tions of acid hydrolysis wito studied fa t'itro. 

riic authors wish to express their appreciation to Professor Vincent du 
Vigneaud for his suggestion of (he problem and for his interest and advice 
throughout the course of the investigation. 
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THE IONIZATION CONSTANT OF SECONDARY MAGNESIUM 

PHOSPHATE 

Br HERBERT TABOR and A. BAIRD HASTINGS 
(From the Department of Biological Chemistry, Harcard Medical School, Boston) 
(Received for publication, April 8, 1943) 

The ionic pattern of intracellular tissue fluid is not quantitatively estab- 
lished otving in part to the lack of exact knowledge of the concentration of 
the anions and in part to the absence of information regarding the degree 
to which the intracellular salts of potassium and magnesium are ionized. 
Since the activities of certain intracellular enzj’mes are influenced b}' their 
ionic emdronment (1, 2), it would be of value to know the intracellular 
concentration of the cations, potassium and magnesium. 

As a contribution toward an evaluation of intracellular magnesium ion 
concentrations, (a) the solubilit3' product of the salt MgHPOi and (6) the 
dissociation constant, K', of the reaction MgHPO< Mg++ -j- HPO<” 
have been determined at 38°. 

Values of the dissociation constant of MgHPOi have been calculated bj- 
Greenwald, Redish, and Kibrick (3) from titration curi'e data. The values 
obtained by conductivity measurements to be reported herein agree in 
general \vith those of Greenwald and his collaborators. 

The solubilit3’' of MgHPOi was determined b3' Cameron and Bell in 1907 
(4). However, as no pH values were determined at that time, it is not 
possible to calculate with accurac3' the solubilitv' products from these data. 
Experiments were therefore carried out in which equiUbrium was estab- 
lished between the solid phase, MgHPO<, and solutions containing Mg^^, 
HPOi“, H2 POi~, Na+, and Cl" at an ionic strength of O.IGO =h 0.008. 
After equilibrium, the liquid phase was analyzed for magnesium, total 
phosphate, and pH. 

From these data, the product [total Mg] X [total HPO<~] was calcu- 
lated. TMs product was not constant, but varied with different concen- 
trations of phosphate and magnesium, indicating the presence in solution 
of a sigmficant amount of undissociated MgHPOi. B3' combining the 
nieasurements of the dissociation constant of MgHPOi (determined b3' 
conductivit3' measurements) with the solubilit3’ measurements, reasonabl3’ 
constant values of the solubilit3' product were obtained. 

EXPERIMEXTAl. 

In the experiments on the £olubilit3’ of MgHPOi, equilibration of the 
liquid and solid phases was carried out in a 38° ± 0.5° constant tempera- 
ture room. Rotation of the solutions was maintained for 24 to 48 hours. 

627 
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M.'iEor.'uuin (l('tonnii>»'<l Uy prcfipitiiUoti with 8-hy(lroxyquinoline and 
titrivUon of tho a'h. pH wji': with flic Klnfis clrctrodf, and 

plios-plinic !)>• tlu' inclliod of Idsko .'uifl Sulilmrow ('»). 

For tho ('oti(iii('ti\‘it y tncnfiircmi'iif.*'’, rnnitnr.-fiiim cliloride, Fodium chlo- 
ride, niid .‘••(’rotid.'iry .•■'odiiim pho;ipha(e werir jjiirified by rorr 3 ’Ftallization 
from eommereiul fivUs. S(dotion‘; of tlo'Fc ralta wore prepared nith redis- 
tilled wnt(-r, wliieli had a eonfiitetii'it_v of .‘1.7 X 10 * mho nt 25“ and a C0< 
coneciilratiori of 7 X 10" ' mole per liter. 'I’lie coiirenl rations of the mag- 
ne.sitim ehloride solutioas were eheeked Iw ehloride aiul magnesium deter- 
minations’, and by eorn[);irison of the ef)ndiielivit.v f)f the .solutions nith 
those reported !>y Slu'dlovsky and Hrown ((>). 

d'lu' eondnctivit.v apparatus consisted of .stnntlard Leed.s and Northnip 
equipment having a Kohlrauseh .slide-wire with end eoil.s and a platiriizcd 
conductivity cell (cell eonstiint of 1.2070 reciprocal cm. determined with a 
0.1 N .solution r)f KCl). A 10(K) cvcle microj)hone liumtncr wn.s used and 
the balance point wa.s determinerl b_v means of ear phonc.s with the .aid of 
a two-stage amplifier. 

Conductivity mc.asurcment.s were made in a water bath at 3S° ±0.01 
nnri reading.s on difTcrent .sample.s of tlie .same solution were reproducible to 
better than I part in 800(1. These, values were checked by repeating tin: 
determinations with fre.sh .solution.s. 

Calciilalinns 

Tlie amount of undis.sociated MgIlP ()4 in a mixture of MgCh 
NajTTI’fh .solid ion.s wa.s e.alculated from the equation 

X = ^ ~ ~ ^’P (i) 

— 471 — p 

where x ~ the concentration of undis-sociated MgHPOi, s = the observed 
conductivity of the mixture, a and b — concentrations of hlgCl; and 
NasHPO^ respectively in moles per liter, and iti, j), and d = molar conduc- 
tivities of hlgC'b, NaJ-IPCh, and NaCl, respectively, at the ionic strength 
of the solution. 

Equation 1 was derived on the usual assumption that the conductivity 
of a solution is equal to the sum of the conductivities of its component ions 
for a given ionic strength. 

From the observed conductivities of equimolar MgClj and Na-HPOi 
solutions, the molar conducti'i'itics for each solution at the given ionic 
strengths, p, were c.alculated. The same two solutions were mixed in 
equal proportions, and the conductivitj*, s, ivas determined. Tlie ionic 
strength of the mixture was equal to that of the original solutions, except 
for the decrease in the ionic strength resulting from the formation of undis- 
sociated molecules. 
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Below fi = 0.018, the ionic strength was derived solely from the hlgClj 
and NaiHPOi originall}' present. From fi = 0.018 to 0.160, the concen- 
trations of ^IgClj and NaiHPO* were each 0.003 m in the mixture, and the 
desired ionic strength was obtained bj' the addition- of NaCl solution. The 
fraction of the conducti\'ity due to the added NaCl was calculated from 
the molar conductivity of NaCl which had been pre^^ousl 3 ' determined 
for the given ionic strength. This value was subtracted from the respec- 
tive conductivity readings to obtain the conductmties due to MgClj and 
NajHPOi in the solution. 

No precipitation occurred in any of the solutions, since the [Mg++] X 
IHP0<“] was alwaj's less than 9 X 10"®. This is much lower than the 
solubility product of MgHPOt (as shown below). 


Results 

The above calculations are based on the assumption that the undisso- 
ciated compound is MgHPO<. This is shown bj’' experiments in which a 
0.006 M MgClj solution and a 0.006 m NajHPO^ solution were mixed in 
varjing proportions, and the conductmties of the mixtures determined. 
The decrease in the conductivity of the mixtures from that expected if no 
undissociated MgHP 04 were formed is plotted against the composition 
of the solution in Fig. 1. The greatest decrease in conductivity occurred 
when the ratio of MgClj to Na5HP04 was unity, stronglj- indicating that 
the compound formed was MgHPOi. 

Ionization Constant of MgHPOt — ^The value of the ionization constant, 
■^^igHPOii was calculated from the equation 


[Mg^l X [HPO -] 

KMgHPO, IMgHPO.l 


( 2 ) 


These ionization constants expressed as pK'jigHPOi have been plotted 
against V/i (corrected for undissociated MgHPOg) in Fig. 2. The data 
of Greenwald et cH. are also shown on the graph for comparison. 

The data presented confirm the incomplete ionization of MgHPOi 
preriousty reported (2), and maj' be described bj’ the equation 


pK'ilgHPO* = 2.87 — 4.15(\/]ii ~ 0.5s) 


(3) 


At the ionic strength of 0.160, which corresponds to that of extracellular 
fluids, the average experimental value of pK'ngHPOi is 1.62. Although 
the ionic strength of intracellular fluids is not known at the present time, 
it is improbable that it varies greatty from that of the extracellular fluids. 

Equation 1 was based on the assumption that the ionic strength and 
cnee the molar conductivities in the solutions remained unchanged when 
mixed. This is not strietty true because of the formation of the undisso- 




r ‘ * I’lo 

socinlccl MglfPOi <^ond«ctivity from tliiit pxpectcfl if no unclii 

NnsHPO, in solution ' ncnirist varyinp proportions of iMgCIs an 

root of the ionic strentrfh P’”f*c(I ngainst tlie squnr 

Grcenwnld cl ai., v Tim am paper are designated G; those o 

2.S7 — 4.15 (\/^— O.Sti). '** l>y the equation pIvusHPOi = 


Tahle I 


Sohibililtj Product of MgHPOi 
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ciated MgHPO<. However, this introduces no significant error except at 
the lowest ionic strengths where the values of pK' maj’' be approximately 

0.1 too high. 

Solubility Product of MgHPOt — From the determinations of pH, mag- 
nesium, and total phosphate on the liquid phase after equilibration with 
the solid phase, the solubility product [Mg++] X [HPO<“] = K'^.p. has 
been calculated. Allowance was made in each case for the amoimt of 
undissociated ]MgHPO< present, as estimated from the preceding conduc- 
tivity experiments. A series of nine experiments was made at an ionic 
strength of 0.16 and reported in Table I. These data j-ield an average 
value for pK's.p. = 4.5. 


niSCDSSION 

In the absence of exact information on the intracellular concentrations 
of the various organic phosphate anions capable of forming magnesium 
salts, any attempt to calculate the amount of im-ionized intracellular mag- 
nesium would be premature. 

It is of some interest, however, to note that preliminarj' estimations of 
the dissociation constant of the magnesium salt of or-glycerophosphate by 
the conductmty method gave the value pK' = 1.28 at = 0.160. If one 
assumes that the intracellular concentration of total magnesium is 20 nut 
per kilo of HiO and that the concentration of a-glycerophosphate is 25 nui 
per kilo of HjO, it may be estimated that the concentration of undissociated 
Mg glycerophosphate is 4.5 mM per kilo of intracellular water (i.e., 22 per 
cent of the Mg would be in the form of an imdissociated salt). If the 
glycerophosphate were hydrolyzed to HPOi”, the value for undissociated 
MgHPOi would become 6.5 mw per kilo of intracellular water, or 32 per 
cent of the total magnesium present. 

Such estimates are based on the assumption that no other intracellular 
anions combine with Mg. 

Since there are not only other organic phosphate anions but also protein 
anions which must be taken into account, the above calculations are of 
physiological significance only in indicating that a rather large proportion 
of the intracellular magnesium is probably present in non-ionic form, and 
that this proportion varies with the nature of the phosphate ion present. 

SUMMARY 

1. Conductivit}' data at 38° are presented, confirming the incomplete 
dissociation of MgHPOj in solution. 

2. The data are described bv the equation pK'jitHPO. = 2.87 — 4.15 
Wn - 0.5a). 

3. The possible significance of these findings for intracellular electro- 
lyte balance is indicated. 
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THE ACTION OF BROMO-SUBSTITUTED FATTY ACIDS 
ON LIVER FAT* 

Br CAMILLO ARTOM and MARJORIE SWANSON 

{F rom the Department of Biochemistry, Bowman Gray School of Medicine, Wake Forest 
College, Wtns(on-SaIem, Korth Carolina) 

(Received for publication, April 15, 1943) 

In previous studies from the laboratories of the senior author very con- 
siderable increases in the total fatty acids of the liver were found in rabbits 
fed iodized natural fats (1) and in rats fed brominated ethyl oleate (2). In 
both the materials fed the halogen was mainly or wholly in the 9 , 10 posi- 
tions. Accordingly, we thought it worth while to investigate under strictly 
comparable conditions the action on Uver fat of long chain fatty acids in 
which 2 bromine atoms had been substituted for hydrogen at various 
positions of the carbon chain.’ 

EXPERIMENTAL 

The bromo-substituted acids were obtained by brominating the corre- 
sponding unsaturated acids in ice-cold ether solution,^ and subsequently 
were esterified nith ethanol in the presence of sulfuric acid. Commercial 
•samples of purified erucic, oleic, and imdecylenic acids were used in prepar- 
ing 13,14-dibromobehenic, 9 , 10-dibromostearic, and 10,11-dibromounde- 
cylic acids respectively. In the preparation of 6,7-dibromostearic acid, 
petroselinic acid was first isolated from parslej' seeds in which it is a major 
component of the fats (5). After saponification of the acetone extract of 
the seeds, the mixed fatty acids were dissolved in alcohol and most of the 
saturated acids removed by adding a small amount of lead acetate. On 
further addition of lead acetate, petroselinic acid was precipitated as the 
sparinglj' soluble lead salt. The acid, regenerated by boiling uith hydro- 
chloric acid, was then purified by repeated crj'stallization from alcohol. To 
prepare 2,3-dibromostearic acid, the corresponding unsaturated acid was 

• Aided by a grant from the Dazian Foundation for Medical Research. .A pre- 
liminary report has been presented at the annual meeting of the American Society 
of Biological Chemists at Boston, April, 1942. 

' Brominated natural fats had been employed to obtain a prolonged bromine 
therapy (3). Experiments in which bromo fatty acids, especially tctrabromostearic 
acid, were administered to rats and humans have also been reported (4). In these 
h-xpenments organic and inorganic bromine was found in the urine and in various 
tissues including fat depots. No deleterious effects upon the health and the growth 
were noted. 

’ Only the bromination of 2,3-octadecenoic acid was carried on in chloroform 
solution and the mixture left for several da 3 -s at room temperature. 
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obtained from atoaric acid tiirnuftii tlio n-broinonnd o-iodo derivatives and 
finally Fpparatod from f lie areomfianyiiif: o-liydroxy acid by repeated treat- 
ment witli petroleum ether (0). 

The com]inunda were identified tiv their melting points, equivalent 
weiphts, and halopen eonlent. Trom these determinations, a purity 
between 00 and 00 per ciuit with a theoretical content of bromine can be 
assumed, except for the 2 ,3-dibromosteaac acid which contained only 
about 70 per cent of the caleiilated bromine.* 

G.'j mnlc, albino rata of the same strain, raised to about 170gm. onastook 
diet, were used. The rnt.s were fasted 21 lioiins, and then fed weighed 
amounts of ester by means of a syrinpe connected to a stomach tube. The 
syringes and stomach tubes were .subsequent ly wn.slicd udfli ether, the ether 
evaporated, and the rc.sidiic.s weighed, the actual amounts ingested bemg 
obtained by difToroncc. The average dose was 5.51 zt 0.81 mM per rat. 
The rats were, kept in metabolism capes with access to water, but without 
food, and killed by decapitation at various intenuils from 12 to 48 hours 
after ingestion of the ester. 

Five groups of rats received the bronio esters. Kats of a si.xth group were 
fed ethyl .stearate (non-brominated). To some of the.se a solution of sodium 
bromide was given with the ester and at 8 to 12 hour intervals until the end 
of the experiment. Rats of a seventh group were kept as fasting controls 
for the same lengths of time as those fed the esters. 

Procedure 

Immediately after death, the liver and gastrointestinal tract wcie re- 
moved. One portion of the liver was saponified, and the fatty acids 
determined by a titrimetric procedure which also allows the approximate 
evaluation of the unsaponifinble matter ((7), see also (8)). In several av- 
periments, the lipids were extracted from another portion of the liver with 
boiling alcohol and alcohol-ether, and the extract purified with chloroform 
((9), see also (8)). A fraction of the extract was incinerated with sodium 
hydroxide and sodium carbonate at 350-400°, and the halogen content 
determined by titration with 0.02 n silver nitrate and potassium tliiocya- 
nate. In a few cases, the phospholipids were also estimated from the 
phosphoniB of the lipid extract, determined by Tisdnll’s method (10). 

The gastrointestinal tract was emptied by manual expression, and flushed 
out first nith a solution containing 0,6 per cent sodium chloride and 0.4 per 
cent sodium hydroxide, then with ether, and finally wdth 95 per cent 
ethanol. The feces collected in the period after feeding were added to the 
intestinal content and washings, and the mixture extracted with hot 

‘ In consideration of this finding, the bromine values in rats fed 2,3-dibromo- 
stearate were corrected throughout. 



C. ARTOM AND M. SWANSON 


635 


alcohol-ether. A fraction of the filtered extract was saponified and the 
total fattj' acids deteniuned bj' titration. The results, corrected as sug- 
gested by Deuel el al. (11), were used in the calculation of the absorption 
values.^ For all brominated compounds such values were considerably 
lower in the longer than in the shorter periods. This suggests the possibility 
that part of the absorbed bromo fatty acids might have been ree.xcreted into 
the intestinal tract. Conclusive eridence for a reexcretion of ingested 
iodized fats was previous^ found in experiments on dogs with an isolated 
intestinal loop (12). Accordingty, in our calculation of the average absorp- 


Table I 

Increases of Fatly Acids in tVhole Livers of Rats Fed Various Esters 



Average 

absorptioa 

Average 
liver weight 

Increases of liver fatty acids* 


12 hrs. 

18 hrs. 

24 hrs. 

30 hrs. 

« ho. 

48 hrs. 


mu per hr. 

Xm. 

mu 

mu 

mu 

mu 

mu 

mu 

13, U-Dibromobe- 

0.107 ± 0.038 


0.425 


0.331 



0.923 

lienic 





0.790 



0.619 

9,10-Dibromo3te- 

0.117 ± 0.021 



1.256 

2.535 

Wi!!!3 


1.965 

aric 





2.825 

1.319 

1.830 


0,7-l)ibromoste- 

0.1S6 ± 0.042 


fiJitftl 

fgEKil 



0.670 

(HMD! 

aric 









2,3-])ibromo3to- 

0.092 ± 0.038 


liinEl 

lilKHii 

Hi 

!»S!! 


IjHgl 

arin 





0.169 

0.420 



•Stearic 

0.184 ± 0.030 

4.15 ± 0.22 



0.003 

0.033 


0.114 

“ -1- NaBrf 

0.176 ± 0.022 

4.68 ± 0.39 



-0.052 

0.035 


0.129 










— - - 










* Total fatty acids minus values for livers of rats fasted for corresponding periods, 
t The amounts of NaBr fed varied between 72 and 170 mg. of Br per 24 hours. 


tion rates (Table I) data obtained in the longest periods of experiment (42 
and 48 hours) have been disregarded. 

Some halogen determinations were also made on the urine of rats fed 
bromo esters, both before and after incineration. From the data, the 
amounts excreted by fasting rats in corresponding periods were subtracted. 
The values thus corrected were assumed to represent the inorganic and 

' •The following formula was used in our calculations. .1 — (a — 0.141) X (100/95), 
where A is the amount of fatty acids ingested, a the amount of fatt}’ acids in the feces 
and gastrointestinal contents. 0.141 the average amount of fatty acids in the feces 
and gastrointestinal contents of rats fasted for periods between 24 and 72 hours 
(controls), and 100/95 a correction on the basis of the average rccoverj' of fatty acids 
" en our procedure was applied to rats killed immediately after feeding. All values 
were expressed as millimoles of fatty acids and referred to a rat weighing 147 gm. after 
^4 hours of fasting. 
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total bromine rrsjjoctively. Ustmlly only a small proportion of organic 
bromine was foniul. 

To make the results romparnble, nil annlj'tiral data have been recalcu- 
Infocl for a typical rat with an initial weifdit of 107 fim. (147 gm. after 24 
hours of fasting), thes<' figures corresponding to the average weights of the 
animals used. 


Ucsiills 

Fat^lintj h'atif — Itidividual values are not reported for the sake of brevity. 
An almost linear (h'crea.'-'e (from 0.790 to 0.4 10 iu.m) wa.s found for the fatt} 
acid content of the whole liver during the fiist .'1 days of fasting. The 
decreases in the weight of the liver were sonnnvhat less marked, so that the 
concentration in 1 gm. of tissue was .slightly lowered in the longest periods 
of time. When comi)ared with observations on hasting mice (13), the 
variations in the total fatty acids of rat liver re.semblc more closely those of 
phospholipid.s rather than tho.se of total lipids in mouse liver. 

Rais Fed Dibromourukci/lic Ester — Doses from 3 to 8 mM invariably 
caused death between (i and 10 hours. Similar dose.s of the corresponding 
unsaturated (undccylenic) ester were even more toxic, death occurring m 
45 to 90 minutes. On the other h.and, the saturated undccylic ester was 
completely harmless. These findings should be compared with previous 
observations on the high toxicity of friundccylcnin (ns contrasted with the 
complete innocuousnes.s of triundccylin) for rats (14) and humans (15). 

Rais Fed Dibromoheheme and Dibromastcaric Esters — The \’alucs for the 
liver fatty acids obtained in fasting rats were plotted against the time, and 
the resulting graph used in calculating the increases after feeding the vari- 
ous esters. The increases were essentially in the gl3’ccride fraction, as 
neither the unsaponifiablc matter nor the phospholipids were increased. 
From Table I it may be seen that the 9,10-dibromostearic ester produced 
the highest degrees of fat infiltration, followed in order by 13, 14-dibromo- 
behenic, 6,7-dibromostearic, and 2,3-dibromostearic. The differences 
between the individual values obtained at corresponding times after feeding 
different materials were averaged and found to be all statistically significant 
with a probability of chance occurrence of less than 1 in 100 (16), except for 
the differences between the 2,3- and 6,7-dibromostearic estem, which were 
not significant. 

The average absorption rates for all bromo esters were lower than for 
stearic ester and varied with the type of bromo ester fed. However, be- 
cause of the extent of the individual variations, these differences usualb' 
were not significant. Moreover, from a consideration of the averages as 
well as of the individual values, no definite relationsliip between the rate of 
absorption and the degree of fatty infiltration was apparent. 
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The amounts of bromine found in the liver lipids follow the same order as 
the increases in liver fat. However, when the halogen values are e.vpressed 
as dibromo acids, they account for only a variable, usually minor, fraction 
of the fatty acids accumulated in the liver (Table II). Even in the event 
of a partial debromination resulting in monobromo acids, the amounts of 
non-halogenated fattj' acids in most cases would still be considerable, es- 
pecially after feeding the 9 , 10-bromo ester. In this respect present results 
are in full agreement with those previously obtained with iodized fats (1) 
and brominated oleic ester (2). 

Rais Fed Stearic Ester — As compared with the increases following admin- 
istration of the bromo esters, ethyl stearate had only a slight or negligible 
effect on the liver fat. This effect was not substantially modified by the 


Table II 

Lipid Bromine (As Dibromo Fatty Acids) in Whole Liver of Rats Fed Various Dibromo 

Esters 


Ester fed 

Dibromo fatty adds 

Inorganic Br 
in urine 


18 fars. 

24 brs. 

30 hrs. 

« hrs. 

48 brs. 

per 24 brs. 


mu 

fer 

ctnl* 



mu 


mu 

per 

ftnt* 

mu 

unt* 


13,14-Dibromobe- 

henic 

0.167 

18.8 



0.186 

20.7 



0.133 

21.5 

36.0 ± 2.0 

9,10-Dibromostc- 



0,791 

28.0 

nEJiJT 


0.490 

26.8 



20.3 db 1.4 

aric 






mu 






6|7-Dibromoste- 



0.139 

27.8 



0.188 

28.1 




aric 

2,3-Dibroinoste- 

0.061 

16.3 



s 


0.131 

49.8 

0.067 

19.4 

42.2 ± 1.1 

aric 





0.069 








* Per cent of the increases in the total fatty acid of the liver. 


sunultaneous ingestion of inorganic bromide in doses which were probably 
much higher than the amounts of bromine liberated from the bromo esters® 
(see the values for bromine excretion in Table II). 

DISCUSSION 

Since the liver probably plaj's a dominant role in the first stages of fatty 
acid metabolism, it seems reasonable to assume that, under proper experi- 
mental conditions, a diminished rate of fat catabolism would result in an 
increase in liver fat. In our experiments, the fat depots were depleted by 

_ t)nl> in one of two rats fed sodium bromide in amounts corresponding to 500 and 
* bromine per 24 hours was there any considerable increase in liver fatty 

aci s. These rats, unlike those fed the bromo esters, showed obvious signs of severe 
oroinine intoxication. 
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prcvioiis fn.slitp; aiul flir Viirioiia rsli’ra fed in ninounts Ip? 3 than the caloric 
ivtiuiri’inonl.'^ of tlw nnimnla, I’ihIit tlin'o conditions the fatty acids less 
easily at tacked hy tin' organism ahonld ncciimiilnte in the liver to a larger 
ex(<'nt. Aa the (iitTerencea fo\tnd cannot Ix' ascribed tneroly to differences 
in rat('s of ahsorj'tion or to a jdinrinncolofrical action of the inorganic bro- 
mide liberated, onr results, especially those obtained ndth the three bromo- 
suhslituted stearic esters, may he taken as an indication tliat isomeric fatly 
acids are utilised at different rates. Farther vork is needed to decide 
whether such a slatenn.-nt may be extended to natural, non-substituted, 
fatty acids. 

In n more tletailed examination of onr data the following points should 
be emplinsir.cd: («) 'I'be bigbc.sL degree of fat infiltration was coincident 
with the lowest rate of bromine excretion and therefore presumably also 
coincident with the lowc.st rate of liberation from the fatty acid, (b) The 
acids which caused the greatc.sl increases in liver fat contained their bro- 
mine in the 0 , 10 and 13,11 positions; that is, in jiositions which would not 
have physiologically been attacked according to either the (3 oxidation oi 
the multiple alternate oxidation theories. On the other hand, the ones 
causing the smallest increases, the 2,3- and t), 7 -dihromostearic acids, did 
have their bromine in such positions, (c) A large portion of the fatty acids 
accumulated in the liver had already lost their bromine. No evidence is 
available on the nature of the dchalogcnatcd products, although, at least m 
the case of the 9 , 10-dibvomostcaric acid, they prob.ably wore not idcnticiil 
with eitlier the corresponding saturnted (Tabic I) or unsaturated (2) com- 
pounds, as these do not accumulate to such a degree in the liver, (d) The 
10 , 1 1-dibromoundccylic ester was toxic, though not so much as the unsatu- 
rated ester. The toxicity of triundecjdcnin has been interpreted as de- 
pendent upon a vciy rapid oxidation enhanced bj' the terminal double bond, 
possibly with liberation of large .amounts of formaldehj’dc (15). Since in 
our experiments the effects of the bromo ester resembled more closely those 
of the unsaturated rather than the saturated compound, the idea that the 
bromine atoms also enhance the activity of the carbons to M’hich they are 
attached appears reasonable. 

These considerations suggest a tentative explanation of our results. The 
removal of the halogen would be a stage preliminary to the further utiliza- 
tion of the fatty acid. The rate of the process vould vary with the position 
of the bromine atoms on the carbon chain, tliosc on the middle of the chain 
being least easily attacked. Moreover, if the debromination occurs at 
positions where the saturated acid would normally be attacked bj" /3 oxida- 
tion, then the product or products would be similar to (or easilj' converted 
into) those foraaed in the first stages of the physiological degradation, and 
the organism would have no difficulty in their further disposition. If, on 
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the other hand, the initial removal of the halogen occurs at positions not 
normally attacked by /3 oxidation, the products would be used with much 
greater difficulty and would tend to accumulate in the liver. 

. It is perhaps unnecessarj’ to emphasize that at the present time this must 
be considered merely as a working h 5 'pothesis. 

SU5ISLA.RY 

Fasting rats were given single doses of the ethyl ester of fattj' acids in 
which 2 bromine atoms had been substituted at various positions on the 
carbon chain, and the total fattj' acids in the liver and their bromine con- 
tent determined. The highest degrees of fat infiltration were obtained after 
girag 9 , 10-dibromostearic ester, followed in order by 13 , 14-dibromobe- 
henic, 6,7-dibromostearic, and 2,3-dibromostearic esters. Most of the 
fattj- acids accumulated in the liver had alreadj' lost their bromine. The 
10,11-dibromoundecj'lic ester was highlj' toxic. A hypothetical interpre- 
tation of these results is suggested. 
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THE PREPARATION OF THE HIGHLY ACTR^E BARIUIM SALT 
OF HEPARIN AND ITS FRACTIONATION INTO TWO 
CHEMICALLY AND BIOLOGICALLY 
DIFFERENT CONSTITUENTS 

Bv iMARVIN H. KUIZENGA and L. BAYARD SPAULDING 
(From the Research Laboratories, The Upjohn Company, Kalamazoo) 

(Received for publication, March 1, 1943) 

Since the fundamental work of Howell (1) on the blood anticoagulant 
which he designated as heparin, and which he prepared in suflScient purity 
to permit a physiologie investigation of its functions (2), very pure prepara- 
tions of this material suitable for clinical use have been obtained (3-5). 
Investigations concerning its chemical constitution have been carried out 
(5-8) and it is generall3' agreed that heparin consists of one or more chon- 
droitin- or mucoitinsulfuric acids (9). 

In a study of methods for the extraction of heparin from beef lung, we 
have been able to obtain preparations of .satisfactory puritj' b\’ the method 
of Charles and Scott (3-5). Ttie 3’ields of crude heparin obtained were 
the same as those reported b3' these authors (4). B3' an alteration of pro- 
cedure, it was found that at least 2 times as much heparin could be e.x- 
tracted from lung tissue and obtained as a crude heparin. After the prep- 
ation of the barium salt, assa3’ing 100 units per mg., two definite^ different 
fractions of the sodium salt could be prepared, one of higher activit3' and 
One of lower activit3', the latter of which could not be tran.sformed 1)3' fur- 
ther purification into a sodium salt of higher activit3'. 

EXPERIMEXT.4L 

Assay of Heparin Preparations — After a careful comparison of heparin 
assa3' methods, which constitutes a separate report from this laboratory', 
We have found that quantitative results could most easil3' be obtained b3' 
the use of recalcified citrated sheep plasma. The end-point of the assa3' 
or the transition from clotted to fluid samples uith increasing concentra- 
tions of heparin is much sharper for this plasma than for whole cat blood, 
beef plasma, or horse plasma. 

The anticoagulant activity of an unknown preparation is obtained as 
follows: A series of standard tubes is set up containing 1.2, 1.4, 1.6, 1.8, 
2.0, and 2.2 units of standard heparin in 0.3 cc. of 0.85 per cent sodium 
chloride solution. With most samples of sheep plasma the transition from 
clot to fluid irill occur at the center of this range. Similarb', the unknown 
heparin solution is set up in a series of tubes covering a range of dilutions 
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to 1)0 ('ompriraltK^ to Hint of tho ‘it/uiclnnl. I cr.. of citrntcd sheep 
pliisnm i'l nddod to onrh of thn tuhrs. 

Tn ordor tiint the time fnrtor rnny lie kept constant hetu'cen st^indard 
nnd unknown tul>es, all .serie.i are urrnnped in ascending order of heparin 
content with the statulard and unknown luhes in parallel rows. From left 
to rifdit, the ojilimum amount of calcium cldoride .solution 1“ added alter- 
nately to .statiflard and unknoun tuhe.s from a micro burette. The tubes 
are immediately .stojipered, inverted three tirne.s to mi-v the content.^, and 
kept at room temperature for 1 hour. 'I'hey arc then examined by invert- 
ing tlu'm and the re.sult.s recorded. 

With sheep irla.sma, when increment.^ of 0.2 unit arc used, the saniplc.-> 
of the standard serie.s are either firmly (dotted so that there is no flow after 
inversion, or they arc completely fluid so tliat they flow easily. Question- 
able fluid or clotted .sample.s are .seldom eiieountored. Tlie minimum 
amount necc.ssary to prevent elottinR is ea-sily determined and the biologi- 
cal activity can bo evaluated in antieo.apnlant iinlf.s, 1 unit being that 
amount of net ivity contained in I niR. of tlie .sodium salt n.s supplied in 
solution by the Connaugbl l.nborntoric.s of Toronto. 

Wc have found the error of thi.s n.s.sa.v motliod to bo Ic.ss than 10 per cent. 
To oI)tain a corresponding degree of accuracy by the cat method (3) it 
was found necessary to run at least seven individual a.ssays on each prepara- 
tion. Wicn licparins of various dcgrcc.s of purity were a.ssayccl by both 
methods, parallel results were obtained. 

Preparation of Crude Heparin — 100 pound quantities of lung wcreproc- 
e.sscd according to the iirocodiirc of Charles and Scott (-1). For .«cvcn 
individual lots, tlie crude lieparin obtained varied from -1.0 to G.O as.say 
units per mg. 

By changing the conditions of the autolysis, we liave found that the 
yield of heparin could bo mucli increased. It wa.s first observed that addi- 
tion of water to the ground lung, before it was kept at room temperature 
24 hours, yielded greater amounts of anticoagulant. The degree of autol- 
ysis Avas further increased for different batches b}' heating the mixtures 
to 35° and 45°, for varying periods of time, and then allowing them to 
stand at room temperatures for cither 24 or 48 houi-s. As a result of these 
experiments, it was found that the best yields of heparin could be obtained 
by tlie folloAving procedure. 100 pound quantities of frozen lung tissue 
were ground and mixed ivith IG liters of ivater. The mixture was heated 
to 35° for hour and then kept at room temperature (25-30°) for 24 hours. 
400 cc. of xylene were added to inhibit putrefaction. Increasing the incu- 
bation at 35° to 4 houi-s or allowing an extra 24 hoiii-s at room temperature 
did not improve the yields, but caused increased difficulty in filtering. 

The autolyzed material was extracted writh a solution consisting of 45 
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liters of 0.75 n NaOH and 7.6 liters of saturated ammonium sulfate. The 
temperature of the mixture was kept at 55° for 2 hours. After the tem- 
perature was increased to 80°, 90 liters of filtrate were obtained b}- filtra- 
tion through a Shriver press. This filtrate was acidified with sulfuric acid 
to pH 2.5. The precipitate thus obtained was collected in a supercentri- 
fuge and, ■ftithout washing, was suspended in alcohol to remove fattj' 
material. After removal of alcohol b 3 ' filtration, the trj-psin digestion was 
carried out bj' dissolving the precipitate in 4 liters of water with the aid of 
enough 2 n NaOH to j-ield a solution of pH 8.5, and bj' adding 30 gm. of 
trypsin (1 :300) and maintaining the pH between 8.0 and 8.5 and the tem- 
perature at 38° for a period of 60 hours. The crude heparin was obtained 
bj' precipitation rrith 2 volumes of alcohol, followed bj’ re-solution, heating 
to 75°, and reprecipitation with 2 volumes of acetone. The assaj’s of the 
crude hepaiins obtained bj’ this procedure are given in Table I. 


Table I 

Yields of Heparin from Completely Aulolyzed Beef Lung (100 Pound Quantities) 


Preparation No. 

Assay before 
lr>*p5ia digestion 

Wefeht 

Crude heparin 

Assay 

Total units 


units 


units fer «•. 


83-LBS-l 


102 

8.3 

846,600 

98-LBS-l 


S7 

10.0 


106-LBS-l 


86 

12.0 


109-LBS-l 


65 

13. a 

845,000 

112-LBS-l 


35 

20.0 


115-LBS-l 


66 


858,000 

ns-LBS-i 


71 

12.0 

852,000 


The onlj’ essential difference of this procedure from that of Charles and 
Scott (4) is the degree of autolj’sis of the lung tissue. That this is ver^' 
important can be seen bj' comparing the results obtained bj’ the two pro- 
cedures. The preparations given in Table I contain twice as much anti- 
coagulant activitj' as those obtained bj' the old procedure. The puritv of 
the crude heparin obtained after complete autolj’sis was also more than 
tivice as great as that obtained bj' the old method. The incompletelj’ 
autolyzed extracts showed a great difference of activitj- before and after 
trj’psin digestion. This difference was not nearlj’ so great for the com- 
pletclj’ autolj’zed material. 

Preparation of Barium Salt of Heparin — For further purification, the 
crude heparins of Table I are the better starting materials, since greater 
ease of operation with improved jields of the barium and sodium salts of 
heparin are made possible. 
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In tlif iilh'rnpl (<> fnllmv tlic pnirffliin* nf (’liarlcs anrl Todrl for further 
purifiratinn, f^rcat (liflicnlly um ('ncdiinforcd in ohlainiriR'a clear, light 
colored (illralc after addition.*) of atdnial cliaret/al. (’on.^iderabic purifica- 
tion could Ix* aecompIi‘'l>cd, lif>\vever, l»y precipitation at pTI 0.0 with 35 
p(’r cent alcoliol. 'I’he innctice precipitate contained the charcoal plus 
other inactive material. My increa'.inK the alcohol concentration of the 
filtrate to (i.a per cent, all the activity in the starting material was found 
in till' light colored precipitate, which a.*.saycfl hetween 3.) and 50 units 
per ing, Xnmerons exix'riment.s were carricfl out to determine, first, 
whether (In; aminoninm salt shoidd he precipitated hcforc the bariuni 
.salt, is made and, second, what the optimum concentration of acetic acid 
i.s for the precipitation of the haritim salt with ma.vinnnn recover}’ of nc- 
tivity. 

The highe.st purity and best yields wen* fibtaincd by making the barium 
.salt directly from the (i.5 per cent alcohol j)recipitate b\’ solution with am- 
monia and .sub.soqncnt reaction with Ma(d; at pll 1.5. After separation 
of inactive material by the .sujrercentrifngc, the barium .«alt i-s quantita- 
tively precipitated in the pre.scnce of 2.5 jmr cent e.\ee.ss MaCI:, with 30 
per cent acetic acid. By application of thi.s procedure, the barium salt 
assaying between 85 and 100 units per mg. ean be obtained in yields of 
85 to 90 per cent. As a particular example, Prcjiaration S3 -IjBS- 1 of 
Table I yielded 8.83 gtn. of barium .salt which a.s.saycd 85 units per mg. 
and represents therefore a yield of 88 per cent. Some of the barium salts 
prepared in this way as.sayed 100 unit.s per mg. 

Prr.paralio7i of Sodium Salt — In making the sodium salt, it was found 
that an additional purification could be obtained by fractional precipitation 
with acetone at pH 8.0. A 2 per cent aqucou.s solution of the barium salt 
was made and NajCOj added to precipitate the barium n.s barium carbo- 
nate. After removal of barium carbonate, the pH wn.s adjusted to 8.0, 
and 0.9 per cent NaCl and 25 per cent acetone were added, /liter the 
solution had stood in the refrigerator overnight, a small amount of inactive 
precipitate was separated by centrifuging. To the clear filtrate acetone 
was added to make a 40 per cent solution. This was allowed to stand for 
24 houra and the highly active sodium salt settled out, which was removed 
by centrifuging in the cold. To the clear centrifugate acetone was added 
to make a 65 per cent solution. The precipitate was collected at room 
temperature and was less than half as active as the 40 per cent acetone 
precipitate. This suggested that the barium salt contains at least two 
fractions of different activities. Since this brings into question the homo- 
geneity of the barium salt, this point was further studied. 

One of our most active barium salts assa 3 ’’ing 100 units per mg. was 
assayed by the cat method (3). Here again the results indicated the ac- 
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tivity to be equal to that of the staudard. From this we conclude that the 
activity of this barium salt is at least equal to that of the “cr 3 fstalline 
barium salt” described in the literature (5, G). 50 gm. of this material 
were converted to the sodium salt and fractionated with acetone as de- 
scribed above. The less active fraction precipitating with 65 per cent ace- 


Table II 

Analytical Data of Fractions Obtained from Most Highly Active Barium Salt 


FraclioQ 1 

Sail i 

Assay j 

N' 

s* 

Total asb 


Ba ■ ! 

units Per mg. | 

Per cent 

per cent 

per cent 

A 


100 ' 

2.8 

10.02 

29.7 

B 

Na ! 

125 

1.8 

11.84 

35.2 

D 

Ba 1 

65 1 

3.5 1 

6.36 

28.1 

F 

Na 

65 1 

3.2 

7.40 

27.7 


* The nitrogen was determined 63 ' the Dumas method, and the sulfur 63 ' the Carius 
technique after the samples had been dried in vacuo at 100° over PsOj. We wish to 
thank Mr. Harold Emerson for making these determinations. 


tone was reconverted to the barium salt and again separated into two so- 
dium salts. The results are given in the accompanying diagram. 

Fractionation of Most Highly Active Barium Salt of Heparin into Two Distinct 
Sodium Salts of Different Biological Activity 

Fraction A. 50.0 gm. Ba salt; 100 units per mg.; total units = 5,000,000 


Fraction B. 26 gm. Na salt; 40% acetone Fraction C. 16.5 gm. Na salt; 65% 
ppt.; 125 units per mg.; total units = acetone ppt.; 45 units per mg.; total 
3,250,000; [oJd -1-56° units = 742,500 


Fraction D. 11.5 gra. Ba salt; 65 units per mg.; total units = 747,500 


Iraction E. 40% acetone ppt.; 0.050 FractionF. 65% acetone ppt. Nasalt; 

30 units per mg.; total units = 10.5 gm.; 65 units per mg.; total units = 

1500 652,500 

Tile nitrogen, sulfur, and total ash content, along with the biological 
activit 3 - of the important fractions in the diagram, are given in Table II. 
The low nitrogen, high sulfur, and total ash content of Fraction B agree 
well with the data reported in the literature for the most active sodium 
salts (10, 11). The speciGc rotation of -1-56° also characterizes it as a 
heparin preparation similar to the most active fraction of Jorpes, who 
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roj)orU'(l Joint of 'f-ofl" to •f-f'ifl''. I’nirtion I' of loivrr activity must, 
hn\vo\'('r, l)f ('ouhidcrcd n*! n jdiciuirnlly diffrrcnl ronsfitiirnt of the 100 
uiiit.s per Dit:. linriiim enU, .'irii'e it rntitifd he purified into the -tO percent 
nretojie pii-eipitate of liiidi netivity. 

ni.'ifurnnto.v 

It liiis ijccn shown hy ( 'Imrie-i niid Scot I (.'{) t tint niitoiysi.'J nmkes possible 
lijp ('XtViU'tion of niuoiinls of heparin (^renter llum enn i>c ohfnincd by ex* 
t met ion of utuitHolyred mtilerial. 'Hie nvenipe yield of cnidc heparin rc- 
jjorled l>y these workers in a sut)se<ntent eornmuniention (•!) was 353,000 
units per 100 poutjds of limp proeesse<I. As ji result, of fiirtlier investiga- 
tion of nutolysis of Iiinp tissue, we have found that more coinjjlete mitolysis 
made possible the extraction of an Jiverage of 850,000 units per 100 pounds 
of lung, or about 2.5 tirne.s that previously obtained. 

Di.sagrcoinent exists in the litoratu^•t^ as to whetlier lieparin Is a pure 
chemical sub.stnnci' (ti) or a mixture of closely related chemical substances 
(9, 11). Tiic I'csults of the fractional precipitation of the sodium s.alt with 
acetone at pll S.O.show that two distinct .sodium .«alt fractions with differ- 
ent biological Jictivitic.s can ho obtained from the purest barium .salts. 

These ob.sorvat ions further sujrjrort the conclusions of Jorpc.s (1 1), based 
on the fractional ciystallisjation of the bnicinc salts, that tlic heparin ac- 
tivity exti'nctcd fi-om beef lung is given not by one but several closely re- 
lated chemical compounds. 

The recent interesting findings of Jaques and coworkers (12, 13) that 
the heparins of ditTcrent species varj' greatly in biological activity indicate 
also that the anticoagulant activity to which the term heparin has been 
applied Is not given I)y one .single chemical .substance. 

SUMMAUV 

By optimum autolysis of lung tissue, increased amounts of heparin 
could be extracted. I’Jie greatest amount that could bo obtained was 1 
million units per 100 pounds of lung tissue. Purification of the crude 
heparin can be carried out so that barium salts assnjring S5 to 100 units 
per mg. can be obtained in yields of 85 to 90 per cent. 

Tlie most active barium salts, when fractionated at pH 8.0 by precipita- 
tion rvith acetone, yielded two distinctly different sodium salts. 
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THE EFFECT OF CHOLINE DEFICIENCY ON THE FAT 
CONTENT OF REGENERATED LIVER 

By PHILIP HANDLER and FREDERICK BERNHEIM 
(From the Department of Physiology and Pharmacology, Duf:e Urncexsity School of 
Medicine, Durham, North Carolina) 

(Received for publication, April 14, 1943) 

Young rats fed a low protein, high fat, choline-free diet fail to develop 
fatty livers when sufficient nicotinamide is included in the diet to prevent 
growth (1). The ingestion of a diet devoid of both metlnomne and cho- 
line causes rats to lose weight rapidly and their livers contain sli^tly 
subnormal amounts of fat.* Rats also fail to grow or develop fatty livers 
on diets simultaneously deficient in choline and either thiamine (2), ribo- 
flavin (3), pantothenic acid (4), or pjTidoxine (5). In view of this correla- 
tion, it has been suggested (1) that the normal fat content of these livers, 
despite the choline deficiencj', does not necessarily indicate that these 
members of the vitamin B complex have specific roles in fat metabolism. 
Rather does it' appear that the fatty livers of choline deficiency can only 
he induced when all other dietary' factors are close to optimal for growth. 
It seemed of interest to determine whether the factor involved is the metab- 
olism and growth of the liver itself or the over-all metabolism of the grow- 
ing rat. To do this it was necessary to obtain conditions in which the 
livers of a group of rats were growing while the rats them.selves were losing 

weight. 


EXPERIMENTAL 

The metabolism of rats is not seriously impaired by partial hepatectomy 
(6). YTien as much as 80 per cent of the total weight of the liver is re- 
moved, the remaining liver regenerates rapidly and within 15 days nill 
weigh as much as the liver of a normal rat of the same age and weight- 
This regeneration can occur even while the rat eats a diet which will not 
permit growth of the entire animal, as the following experiment will show. 

Hepatectomy was performed under ether anesthesia by the technique 
of Higgins and Anderson (6). Sulfanilamide was dusted into the peri- 
^eum^ and the subcutaneous area just before the incision was closed. 
The animals were fed a stock chow (Rockland) for 3 days foUouing the 
operation. About SO per cent of aU hepatectomized animals survived tins 
period and were used for the dietary' experiments. Examination of the 
u ers of the animals which died in the first 3 days and of a group of control 

‘ Handler, P., unpublished data. 
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nit.s (Icliln-raloly hcpnlrctomirfii ntul wicrifiml for this puriiosc showed 
tli.'it the liver reinniniiii; iti the n»imnl‘! nfter the oi^eratinn vnricel between 
O.v*'") nti(i 1.7') frill, in the Inrfresl rut.-i employed. 

Hittinn .A eontnined e,n.*:ein I'l, corn-stnreli 20, .‘iticrosc 25, lard 35, 
iind .):.'ill,s (7) '). Han.'d Rntinn H, thi« low fiit diet in thr.^c studies, con- 
tained ca.'-ein 1.5, foni-.’'t.areh 2i), Miero)'e .5.5, lard .5, and .«alt.s (7) 5. To 
each kilo of ha.*.al diet were ndde<i thiamine ehlorido 2..5 ing., pyridoxine 
hydrochloride 2. ,5 mg-, ealeitim pantoflienate .30 mg., rihofl-avin 5 mg., 3- 
mcthyl-l ,-l-naphtho(iuinone diaeelate 1 mg., and choline chloride 2.0 gni. 
I'mch rat received 2 drop.s daily of cod lix’cr oil. Thiamine and choline 
dcfieicncie.s were induced hy comfiletely omitting tlic,^e sub.stancc-s from 


Taiii.*: I 

hJTect of X ttml of Thiaotijn' Dcf.cifnr.'j on fol Content of 

Rrger.rratfit lint l.iier 


4a 

4b 

5 

6a 

Gb 


Tlaul 

ration 


B 


Supplffnfnl 


Complete 
No choline 


Normil control) 


fn. 

ajy 


tinamitle 
No clioline, no thiamine 


no lliinminci 


l.Oi 

2 . 0 ] 

-2.3 


0.7 

-O.S 

1 . 8 | 

o.sj 

-0.9j 


|l 


day 


r.c 

2.7 


0.0 

3.9 

8.1 

9.2 

6.4 


tn. 


6.18 
9. 63 
3.32 


7.20| 

5.23 

8.32 

5.77 

3.19, 


Liver 

fatty 

acH) 


ftr 

ttnl 

trrt 

veifkl 


0.1 

23.4 

4.2 


Ilcpatcctoraiird rat) 


in. 

djy 


2.1 

2.2 

-1.3 


19.0 

7.8| 

16.2 

4.9 


3.0 


1.3i 

-0.3 

2.0 

0.6 

- 1.2 


/"• 

ter 

djy 


6.5 

8.0 


J.5 


6.9 

4.8 

8. 8 

7.0 

5.1 


y V 

J : » 


in. 


O.ll 

9.34 

4.24 


7.24 

3.70 

7.51 

4.S 

2.1 


5.4 

21.9 

6.2 


21.7 

10.2 

14.9 

5.2 

2.S 


this supplement. Wlien nicotinamide was incorporated in tlie diet, an 
equivalent amount of corn-starch was omitted. 

Five rats of mixed sexes tvere used in each group. All rats weighed 
between 100 and 120 gm. when put on the experimental diets. The effect 
of excessive nicotinamide feeding and of thiamine deficiency on the fat 
content of regenerated liver is summarized in Table I. The rats were 
sacrificed by decapitation after 14 days on the experimental ration. The 
animals in Groups 4b and 6b were sacrificed 12 da 3 's later. Fatty acids 
were determined by hydrolysis in 5 per cent ICOH, acidification, e.xtraction 
with ether, drying the ether extract over Na 2 S 04 , and weighing the residue 
after evaporation of the ether. 
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Growth proceeded at approximately equal rates in the normal and hepa- 
tectomized animals under each dietary condition employed. The liver 
weights in both sets were also very close, showing that regeneration was 
almost complete in 14 daj’s. Choline deficiency resulted in very fatty 
livers in both normal and hepatectomized animals (Groups 2), which were 
not quite so marked on the low fat diet (Groups 5). The ingestion of 2 
per cent nicotinamide resulted in a rapid loss of weight. This is in agree- 
ment with data previous^' obtained (1). The somewhat greater loss in 
weight in the normal control animals maj' suggest the liver as the site of 
trigonelline synthesis. With less available enzjme for the methylation 
of nicotinamide, methjd group deprivation may not have been as severe 
m the partially hepatectomized animals as in their controls. 

Despite the loss in weight in the nicotinamide-fed animals, liver weights 
in both groups were in good agreement. This may be taken to indicate 
complete liver regeneration. In the course of 2 weeks the livers of the 
hepatectomized animals doubled their size, while the animals lost about 
20 per cent of their original body weight. Yet, despite the choline de- 
ficiency, neither hepatectomized nor control animals showed an abnormal 
liver fat content. Since the livers of the hepatectomized animals were 
growing rapidly, this suggests that the failure of fatty livers to appear, 
when there were mixed deficiencies of choline and members of the vitamin 
B complex, may not be specifically due to an imperfection in liver fat me- 
tabolism but is, rather, a reflection of the impaired over-all metabolism 
of the rat. 


This A-iew is further supported bj' the obsen'ations made on thiamine- 
deficient rats. Growth on this simultaneously choline- and thiamine-de- 
ficient regime (Groups 4a) proceeded rapidly at first and had reached a 
plateau at the time the animals were sacrificed. This is best seen in Fig. 1. 
The livers of these rats were decidedly fatty. However, as the deficiency 
became more pronounced the animals rapidly lost weight and simultaneously 
there was a diminution of the liver fat (Groups 4b). Despite the con- 
comitant choline and thiamine deficienc 3 ', liver regeneration proceeded rap- 
'dlj- and was complete in 14 daj's. The curn'es in Fig. 1 depict the 
growth of the hepatectomized animals and are very similar to the curves 
obtained vith the normal animals which are, therefore, not included herein. 
Evaluation of the significance of the data obtained in Groups 4a and 4b 
complicated bj' the well known sparing action of high fat diets on the 
famine requirement (8). On the low fat, choline- and thiamine-deficient 
let growth was exceedinglj- poor from the outset and terminated sooner 
han on the high fat diet; so that the growth rates recorded for Groups 
ua do not reflect the growth cur\'es (Fig. 1). From consideration of these 
grou-th curves it appears that the liver fat concentration of the choline- 
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Fio. I. The cfTcrt of diclnry const ituenls on tlie Rrowtli of partially hopatccto- 
niizcd rnts. Tlic fif'iirca in parentheses refer to the rnl Rroiips in Table I. l;.achcur^t^ 
is n composite of the prowtli of all the members of the j;roiip. 


Taiii.k II 


Effect of mixed Tliiniiiiiie and Choline Deficiency on Liver Fat Metabolism 


Group 

No. 

Ra'ial 

ration 

Supplement 

Normal conlroli 

HepaUctomirnt 

w to 

^ C 
ee <9 

5*5 

I? 

Food 

intake 

JS 

hiver 

fatty 

Acids 

Weight 

change 

Food 

intake 

Liver 

weight 

Livet 

[ally 

acitis 




gn. 

gm. 


tiff 

gm. 

gm. 


fir 

eertl 




per 

per 

gm. 


per 

per 

gm. 

xcet 




day 

day 


veigkt 

day 

Jay 


treit^l 

1' 

A 

Complete 

3.3 

9.0 

4. so 

5.9 

1.9 

6.6 

4.75 

5.4 

2 

It 

No choline 

2.9 

8.1 

6.70 

28. 3 

I.S 

6.5 

7.01 

2S.7 

3 

“ 

“ “ no thiamine 

-1.7 

3.0 

3.19 

3.7 

-1.1 

2.7 

2.67 

3.2 

4 


tt it 

3.1 

11.2 

6.16 

IS.O 

2.3 

9.7 

7.20 

20.0 

5 

<( 

“ “ no thiamine 

-2.7 

3.5 

3.45 

3.6 

-2.0 

3.3 

3.25 

2.7 




and thiamine-deficient animals rose rapidly during the period of growth 
but then diminished during the period in which weight was lost. However, 
there is no reason to belie^’e that the veiy slowl}-- growing rats of Groups 
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6a or Gb had abnormally fattj’ livers at any time during the experimental 
period. Since on the choline- and thiamine-deficient, low fat diet liver 
regeneration appeared to be complete in 2 weeks although the liver fats 
were normal, further support is given to the view presented above. 

This picture is further clarified by the data presented in Table II. All 
animals weighed between GO and 80 gm. at the start of the experiment. 
They were fed a 15 per cent fat diet containing choline but no thiamine for 
12 days before partial hepatectomy was performed and were also offered 
this diet for the following 3 days before being set out on the experimental 
diets. 

All the animals in this study were thiamine-deficient at the time of 
hepatectom 3 L Still, liver regeneration was complete on each dietari’’ 
r6gime employed. The growth rate in the absence of choline was some- 
what reduced but fiver fats were greatly elevated. However, w’hen thia- 
mine as well as choline was omitted from either the low or high fat diet, 
the rats immediatelj' commenced to lose weight and their fiver fat content 
was actually below normal, although the fiver itself increased in size. Thus 
it appears that the failure of fattj’ fivers to develop in mixed thiamine and 
choline deficiency does not necessarilj' indicate a defect in fiver fat metab- 
olism induced by thiamine deficiency but rather reflects an abnormality 
in the over-all metabolism of the animal. 

These considerations do not applj’ to the choline-resistant fatty fivers 
induced by the feeding of excessive amounts of biotin or beef fiver ex- 
tracts (9). 


SUMMARY 

1. Liver regeneration in partially hepatectomized rats proceeded rapidly 
m choline as well as mixed choline and thiamine deficiencj’ and when the 
growth of the entire animal was depressed bj’ the ingestion of excessive 
quantities of nicotinamide. 

2. I^Tiile the regenerated livers of the choline-deficient animals showed 
the usual fattj’ infiltration, the fat content of the regenerated fivers of 
choline-deficient rats whose growth was depressed bj' thiamine deficiencj' 
or nicotinamide feeding was slightlj’ below’ normal. 

3. It is suggested that the development of fattj’ fivers in choline defi- 
ciency can proceed onlj- when all other dietary factors will permit the 
growth of the whole rat rather than merelj’ growth of the fiver. The effect 
of deficiencies of members of the x'itamin B complex in preventing the 
appearance of fattj’ fivers due to choline deficiencj’ is the result of an im- 
pairment of the over-all metabolism of the rat rather than some specific 
defect in the metabolism of the liver. 
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CHLOROPHYLL C (CHLOROFUCINE) OF DIATOMS AND 
DINOFLAGELLATES 

By HAROLD H. STRAIN, WINSTON M. MANNING, and GARRETT HARDIN 

(From Ihe Carnegie Inslilulion of Washington, Dieision of Plant Biology, 
Stanford University, California) 

(Received for publication, March 22, 1943) 

A chlorophyll-like pigment, variously known as chlorofucine, chlorophyll 
7 , and chlorophyll c (1), has been found, along with chlorophyll a, in cer- 
tain brotvn algae (1-9), yellow algae (9), diatoms (1, 9-11), and symbiotic 
algae (3, 8, 12, 13) inhabiting certain sea-anemones (14, 15). As an ex- 
tension of our previous work on the natural occurrence and possible signifi- 
cance of chlorophyll c (1), we have now examined additional marine and 
fresh-water algae including dinoflageUates, diatoms belonging to both the 
groups Peimales and Centrales, red, green, and blue-green algae, as well as 
an alga growing in a sea-anemone. The two most abundant of these 
groups, the diatoms and dinoflageUates (16, 17), play a predominant part 
in the world-wide production of carbon compounds. 

Numerous and persistent doubts (18-23) about the occurrence of 
chlorophyll c in the plant extracts as well as in the cells themselves have 
stimulated us to seek additional, pertinent experimental facts relating to 
the suggested postmortem formation of this pigment (19). Our investiga- 
tions have included determinations of the relative amounts of chlorophylls 
a and c in extracts prepared in various ways from organisms yielding much 
chlorophyll c. We have also examined various alteration products of 
chlorophyll a that might conceivably be confused ■with chlorophyll c. 
The controversial aspects of the earlier results and conclusions -will be 
considered in the light of our o^vn experiments. 

EXPERIMENTAL 

Plant Material — Large marine algae were collected at low tide near Moss 
Beach, north of Half Moon Bay, California. They were identified for us 
by Dr. Gilbert M. Smith of Stanford University. These algae ■were always 
examined microscopicall}'^ for the presence of epiphytic diatoms and other 
algae, and any material which showed more than negligible contamination 
was discarded. A similar examination was made of filaments of the tivo 
epiphjdic diatoms collected from the same locality, Isthmia nervosa Kutz- 
ing, a centric form, and Navicula torguatum (Wm. Smith) Cleve, a pennate 
form. These two diatoms as well as others grown in pure culture were 
identified by hir. Paul S. Conger of the United States National Museum. 

A fresh-water, pennate diatom, Nitzschia palea (Kutzing) Wm. Smith, 
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was grown in i)inc culture in inorganic nutrient inccliimi unflcr “snow- 
white” fluorescent lights, as jVilzschin closirn'um had I)ccn grown pre- 
viously (1, 24). The marine centric diatoms Strpfinnnpi/xis turrin (Gre- 
ville) Ralfs and Thalassiosira gravida (fleve were grown in light from 
north windows in filtered and stcriliml sea water enriched with potas- 
sium nitrate, dipotassium phosphate, “water glass,” and soil e.vtract. 
These two diatom cultures were each derived from a single filament and 
were free of other algae and protozoa, hut not of bacteria. Additional 
information concerning the culture of diatoms may be found elsewhere 
(25, 2G). 

In November, 1942, our attention was directed to a hcavi’ crop of the 
fresh-water dinoflagellate Peridinium cinchtm (Miillcr) lOhrenberg grow- 
ing in a concrete tank in a lath house. A microscopic examination of 
material skimmed from the surface rcve.nled le.ss than 1 per cent con- 
tamination by other pigmented organisms. I'his bloom provided a natural 
culture of high purity until mid-.Ianuarj’, when the pool was drained. 

Diatoms in the culture solutions and Peridinium from the tank were usu- 
ally concentrated in a Sharpies supercentrifuge and finally collected in glass 
centrifuge tubes in which the extracts were subsequently prepared. Cen- 
trifuged diatoms appeared yellow-green to brown-green ; the dinoflagellates 
were chocolate-brown to black. Wlien concentrated, these dinoflagellates 
always smelled like cured, ripe olives. 

A concentrated source of a single species of unicellular alga was found 
in the common Pacific coast sea-anemone, Bunodaclis xanthogrammica 
(27). The alga in this sea-anemone could be scraped from the exterior 
layers or squeezed in masses from the severed tentacles. These masses 
of cells were chocolate-brown, as were the centrifuged Peridinium cells. 
For pigment studies, the following material was examined: scrapings from 
the column wall, amputated tentacles, and cells squeezed from the interior 
of the tentacles. Indication that this sjTObiotic alga is allied to the dino- 
flagellates has been obtained from e.\amination of the xanthophyll pigments. 
These xanthophylls, which arc being studied further, are identical with 
those prepared bj' us from Peridinium cinctum. The principal xanthophyll 
of the symbiotic alga had been found thus far only in dinoflagellates (20, 
22, 28). Peridinium and the alga from the sea-anemone are the first 
organisms found to contain chloroph.vll c unaccompanied b3’’ fucoxanthin. 

Methods 

As in our earlier investigations on algal chlorophjdls, extensive use has 
been made of partition, chromatographic adsorption, and spectral absorp- 
tion methods for the preparation, detection, and estimation of chlorophjdl 
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c (1). For extraction of the pigments, 0.2 to 2 gm. of centrifuged cells was 
agitated -nith about 45 ml. of solvent (usually methanol containing 0.2 to 
0.5 per cent of carefully purified dimethylaniline). After 5 to 30 minutes 
the cell suspension was centrifuged, and the clear, yellow-green supernatant 
liquid was decanted through a small, lint-free filter paper. The sedi- 
mented cells remaining in the centrifuge tube were again suspended in 
about 25 ml. of solvent and, after several minutes, sedimented again by 
centrifugation. Supernatant liquid obtained in this waj’’ was decanted 
through the same filter employed for filtration of the first extract. Finallj' 
the cells were extracted with another 25 ml. portion of solvent, as just 
described. The centric diatoms, Slephanopyxis and Thcdassiosira, and 
the slimy scrapings from the sea-anemone required a total extraction period 
of several hours for complete removal of the pigments. Extraction of the 
pigments from the other diatoms, from Peridinium, and from the alga 
squeezed out of the sea-anemone was complete in a few minutes. 

For spectral absorption measurements, a portion of the combined 
methanol extracts was diluted with methanol and the light absorption 
measured with the photoelectric spectrophotometer described by Smith 
(29). All measurements were begun within a few minutes after preparation 
of the extracts. Solutions that had stood for more than a few hours were 
never utilized for these measurements or for preparation of any of the 
pigments. 

Owing to the ease with which spectral absorption properties of various 
substances may be compared by use of the characteristic absorption curves 
(the plot of log log {It,/ 1) versus wave-length), we have continued to use 
this method for presentation of experimental results. In order to facilitate 
comparison of these spectral curr'es with one another and with cur\'es in 
our earlier paper, all the results have been plotted on the same scale (1). 

Separation of pigments by chromatographic adsorption was effected 
through use of adsorption columns (usually 3 X 20 cm.) prepared from 
dry, powdered sugar (1 ) . As a rule, pigments adsorbed on the column were 
washed first with petroleum ether, then with petroleum ether containing 
0.5 per cent of u-propanol, and subsequent!}' with petroleum ether con- 
taining 2 to 4 per cent of n-propanol. 

Chlorophyll c was also prepared by repeated partition of the extracted 
pigments between methanol (50 per cent) and ether, as described previ- 
ously (1). Xanthophylls contained in extracts of dinoflagellates were 
exceptionally soluble in the dilute methanol. Consequently, removal of 
these pigments from the chlorophyll c required as many as ten partitions 
between the dilute methanol and ether. 
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ResuUs 

Occurrence of Chlorophyll c in Plant Extracts — Fig. 1 shows, for the red 
region of the spectrum, the characteristie absorption curv'cs for methanol 
c.\tracts of some of the organisms investigated. The sliape of the cun^es 
for the e.\tracts and the position of the absorption ma.\imum indicate a large 
proportion of chlorophyll a. Divergence of the curves for the extracts 
from that for chlorophyll a demonstrates the presence of another pigment. 



Fig. 1. Charncteristic absorption curves for pigments in the methanol extracts of 
various algae. The uppermost curve (circles) represents absorption by all pigments 
in the e.vtract. The chlorophyll a curve represents absorption bj’ chlorophyll a in 
the extract. The dots represent the calculated absorption values for the diffcroncc 
between the absorption by the extract (circles) and the absorption by chlorophyll a 
in the extract. These difference values are calculated as the log ((log (/o//) for ex- 
tract) — (log (/o//) for chlorophyll a in extract)). The curve for chlorophyll c 
from Fig. 2 (lower curve) is arbitrarily superimposed on the difference value at 635 
mfi. A, fresh-water dinoflagellate Peridinium cinctum; B, fresh-water pennate 
diatom Nitzschia palea; C, marine centric diatom Stephanopyxis turris; D, marine 
centric diatom Thalassiosira gravida; E, symbiotic alga, from the soa-nnemone, 
BnnodacUs xa7ithogra7nmica. 


or pigments, that must be readily extractable from the fresh cells with 
methanol. 

Subtraction of the fractional absorption due to chlorophyll a from the 
total absorption gives the absorption due to pigments other than chloro- 
phjdl a. Results of such calculations are shown in Fig. 1 , A to E. Values 
obtained in this way are in moderately good agreement with the charac- 
tei-istic absorption curve for chloroph}'!! c prepared by partition of the 
extracted pigments between 50 per cent methanol and ether. At wave- 
lengths shorter than about 600 m/x, the difference values are influenced a 
great deal by absorption due to yellow pigments. This is readil}’' observ- 
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able \vith extracts of the centric diatonas and of the symbiotic alga that are 
rich in strongly absorbing orange-yellow xanthoph3’’lls. I^Tien corrected 
for absorption by these carotenoid pigments, the difference values are in 
stUl closer agreement with the absorption curv'e for chlorophyll c. This 
general correspondence in shape of the difference curve with the curate for 
chlorophj-11 c indicates that the green pigment in the algal extracts, in 
addition to chlorophjdl a, is primarilj' or solely chlorophyll c. 



Fig. 2 Fio. 3 

Fig. 2. Absorption curves of chlorophyll c prepared from the fresh-water dino- 
flagellate Peridinium cinclum and from the marine diatom Ntt:schia closterium Ip’ 
partition of the pigments between methanol (50 per cent) and ether. The curves are 
superimpo.sed arbitrarily at 635 nvi. The inset shows the data for Peridinium plot- 
ted as log Solvent, methanol. 

Fig. 3. Relative proportions of light absorbed by chlorophylls a and c in methanol 
extracts of Peridinium cinctum and of the pennate diatom N'ilzschia palea. .Absorp- 
tion by yellow pigments, which is large in the blue region of the spectrum, is not 
considered in the calculation (24). 

As further proof that chloroph3’ll c from dinoflagellates is identical with 
chloroph3’ll c from diatoms, this pigment was prepared from Peridinium 
b3’ partition, and its spectral absorption properties were determined. The 
spectral absorption curve, reproduced in Fig. 2, is in remarkably good 
agreement tvith that of chloroph3’ll c from Nitzschia (1) except in the 
spectral regions where the absorption is ver3' small. In these regions, 
absorption could be influenced a great deal bx’ traces of other colored sub- 
stances. 

With respect to adsorbabilit3’ upon columns of powdered sugar, chloro- 
ph3’ll c preparations from Peridinium, from diatoms, and from the S3’m- 
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biotic alga were identical. Chlorophyll c prepared from these sources by 
adsorption was fluorescent, ether solutions c.vhibiting a fluorescence band 
at about 635 mu. 

Even a cursory examination of Fig. 1 reveals that the extract of Peri- 
dinium contains relatively more chloroph)’!! c tlian that of any of tlic dia- 
toms. The amount of light aI)sorbcd by this pigment relative to the 
amount of light absorbed by chlorophyll a at various wave-lengths is shown 
in Fig. 3. Similar values for the fresh-water pennate diatom, Nilzschia 
palca, are also shown in Fig. 3. Values for the centric diatoms and for 
the symbiotic alga fall between the two curves. Values for the marine 
pennate diatom, A^aviciila lorquahnn, arc slightly lower. It is apjjarent that 
in methanol extracts of diatoms and dinoflagcllates, chlorophyll c absorbs 
more light than docs chloroiihyll a throughout a large region of the spec- 
trum. Whether or not this same relationship prevails in the living cells 
or even in extracts prepared with other solvents is an important question 
not now answerable. 

The relative proportions of chlorophylls a and c in methanol extracts 
of various algal species may also be compared by use of the ratio of the 
absorption at GG5 m^i to that at G35 mu. These wave-lengths correspond 
to absorption maxima of chlorojiliylls o and c ro.spcctively. At these wave- 
lengths, owing to the flatness of the pigment curves, experimental errors 
are at a minimum. For pure chlorophyll a, the ratio is 4.55; for ehloro- 
phjdl c it is 0.111; for mixtures of the two pigments intermediate values 
are obtained, the larger values indicating a larger projjortion of chlorophyll 
a, the smaller values indical ing a larger pro])ort ion of chlorophyll c. Aver- 
age values obtained for the methanol extracts of several species were for 
Peridinium cinctum 2.78, symbiotic alga 3.21, Isthrnia Ticrvosa 3.25, Stc- 
phanopyxis turns 3.38, Thalassiosira gravida 3.41, Nitzschia palca 3.54, 
Nitzschia closterhm 3.72, Navicida torqualuni 3.89. From these absorption 
ratios, it will be possible to calculate the exact proportions of chlorophylls 
a and c in the plant extracts as .soon as the specific absorption coefficient of 
chlorophyll c is determined. 

Chlorophyll c was not observed in extracts of about a dozen red algae, 
one blue-green alga, one euglenoid, four green algae, and a number of 
higher plants. Chlorophyll b was not observed in any of the plants that 
yielded chlorophyll c nor in red algae. Extracts of green algae, of Euglena 
gracilis (grown in pure culture), and of higher plants, all of which contained 
chlorophyll h, yielded difference curves corresponding to the absorption 
curve of chlorophyll b. 

Chlorophyll c Extracted from Peridinium under Various Conditions — If 
chlorophyll c is a natural constituent of the plant cells (in the same sense 
that chlorophyll o is a natural constituent), the amount extractable from 
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a given organism should not vary when the cells are killed and extracted 
in different ways. In view of the high chlorophyll c content of Peridinium 
and because of the ease with which the pigments are e.xtracted, the relative 
amounts of the chlorophylls obtained from this organism treated in dif- 
ferent ways have been determined and compared. 

Centrifuged Peridinium cells that were dried in an evacuated desiccator 
containing calcium chloride yielded a gray-brown powder amounting to 
about 19 per cent of the fresh \veight. Even when the cells had remained 
in a vacuum for 6 weeks, the pigments w^ere removed rapidly and com- 
pletely with methanol. The spectral properties of such an extract (Fig. 



Fig. 4. Characteristic absorption curves for pigments of Peridinium cinctum 
extracted under different conditions. i4, methanol extract of cells dried in a vacuum 
tor 6 weeks. Difference curve as in Fig. 1 (c/. the text) ; B, acetone extract of fresh 
cells, with difference curve compared to the curve tor chlorophyll c in acetone (c/. 
Fig. 1 and the text) ; C, methanol solution of acetone extract of fresh cells, compared 
to methanol extract of heated cells (cf. the text) ; D, methanol extract prepared in 
hydrogen from cells heated and cooled in hydrogen, compared to the methanol extract 
of cells heated and cooled in air (c/. the text); E, methanol extract of fresh cells, 
compared to the methanol extract of cells heated and cooled in air (cf. the te.xt). 


i. A) were in remarkably good agreement with those of methanol extracts 
prepared from fresh cells (Fig. 1), and the difference curvm agreed well with 
the characteristic absorption curt'e for chlorophyll c. 

The presence of chlorophyll c in the algal extracts cannot be due to some 
peculiar reaction between the methanol and the plant material, because a 
similar difference curve, corresponding to the curve for chlorophj’ll c, has 
been obtained for acetone extracts (acetone, 80 ml.; with water, 20 ml.) of 
fresh Peridinium (Fig. 4, B). In this case the values for the cuive for 
chlorophyll a were taken from ilackinney’s data (30). 

As shown by spectral absorption measurements, the same relative 
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amounts of chlorophylls a and c Avcrc obtained from Peridmium whether 
the extracts were prepared with methanol under a variety of conditions or 
with acetone. As a basis for the comparison, centrifuged cells were heated 
at 100° in air for 1 .5 minutes, cooled, and extracted with methanol. (Heat- 
ing changed the color of the cells to brown-green.) llic characteristic 
absorption curve of this methanol extract is repeated in Fig. 4, C to E. 
j'Vn acetone extract of an unheated portion of the same sample of Peridininm 
cells was evaporated to dryness at reduced pressure and a temperature 
below 20°. The residual pigments when di.^solvcd in methanol yielded 
the characteristic absorption curve presented in Fig. 4, C. Centrifuged 
cells placed in a current of hydrogen for 1 hour and then heated to 100° in 
hydrogen for 1.5 minutes exhibited the same color change observed when 
the cells were heated in air. Wien the.se heated cells were cooled in hj’dro- 
gen and extracted with methanol in hydrogen, their extract provided the 
absorption values given in Fig. 4, D. Absorption values of an extract 
prepared from fresh cells with methanol arc presented in Fig. 4, E. 

As with Pcridiniiaii, complete extraction of all the pigments from the 
marine diatom Isilmiia nervosa under various conditions always j'ieldcd the 
same relative proportions of chlorophjdls a and c. For living cells (0.8 gm.) 
extracted at 20° with methanol (50 ml. plus 0.5 per cent dimeth 3 'lnnilino), 
for fresh cells extracted at 0°, and for cells heated at 100° for 1.5 minutes 
in hj'drogen, cooled in hydrogen, and extracted at 0° in air, the ratio of 
the absorption at 665 ma to that at 635 ma was 3.26, 3.29, and 3. 28 re- 
spectivel.v. Extraction of fresh cells at —80° resulted in a vcr 3 ' slow and 
incomplete removal of the pigments. After extraction for 3.75 hours, the 
pale j^ellow-green extract contained relatively more chlorophjdl c, as is 
indicated by the absorption ratio of 2.98. This lower absorption ratio is 
probably due to preferential extraction of chlorophyll c, which is much 
more soluble than chlorophjdl a. 

Additional Properties of Chlorophyll c — Neither chlorophyll a nor c 
exhibited more than the faintest fluorescence vdien adsorbed upon columns 
of powdered sugar from solution in petroleum ether and viewed in idtra- 
violet light. When the adsorbed pigments were washed with petroleum 
ether containing 0.5 per cent n-propanol, the band of adsorbed chlorophjdl 
a became much more stronglj’’ fluorescent, whereas the fluorescence of 
chlorophyll c was not readily observable. With petroleum ether contain- 
ing 2 per cent rt-propanol as wash liquid, the chlorophjdl a, then mostlj' in 
solution, was strongly fluorescent. Chlorophyll c, on the other hand, 
remained strongly adsorbed and was onlj’’ faintly fluorescent. 

Chlorophyll c, prepared either from diatoms or from Pcridinhim, was 
altered rapidly by hydrochloric acid. Addition of concentrated hydro- 
chloric acid to a solution of chlorophyll c in methanol or 80 per cent acetone 
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caused the green solution to change instantly to yellow-green. Neutral- 
ization of the acid methanol solution with dimethylaniline did not effect a 
further color change. This neutralized solution exhibited a poorly de8ned 
maximum at about 593 m;i but none in the red region of the spectrum. B}’’ 
contrast, methanol solutions of chlorophyll a, the isomer chlorophj'U a' 
(31), and chlorophyll b yielded deep blue solutions with concentrated hy- 
drochloric acid. Pheophytins obtained by neutralizing these solutions with 
dimethylaniline exhibited pronounced absorption in the red region of the 
spectrum. Pheophytin c is, therefore, not identical with anj’ of these 
other pheophytins. Chlorophyll c cannot be chloroph 3 'll o, a', or b with 
another metal substituted for magnesium. 

In the dark, at 20°, solutions of chlorophj’U c in methanol were mod- 
erately stable. After nearlj’ 2 months, the color of the solutions had not 
changed and there were only slight changes in the spectral absorption 
curve. 

Attempted Conversion of Chlorophyll a to Chlorophyll c — If perchance 
chlorophyll c should be formed from chlorophj’U a upon death of the cells 
or upon extraction of the pigments (19), one might expect to find chloro- 
phyll c among the products obtained by exposure of chlorophj’U a to the 
conditions emploj’ed for extraction and separation of the algal pigments. 
Accordingly, chlorophyU a, prepared from various sources bj’ chromato- 
graphic adsorption, W’as dissolved in different solvents and treated in a 
varietj’ of waj’s. In methanol at room temperature, the pigment w'as 
quite stable for several hours. No change was obser\’ed in the absorption 
spectrum and no band was obser\’ed above chlorophj’U a upon readsorption 
of the pigment on columns of powdered sugar. Solutions that had stood 
for more than a few hours formed a smaU additional band below the 
chlorophyU a. This pigment was chlorophj’U o', which forms rapidlj’ 
when alcohol solutions of chlorophj’U a are heated (31). 

Methanol solutions of either chlorophj’U a or o' when permitted to stand 
in air, either in the dark or in the light, slowlj’ formed other pigments in 
addition to chlorophj’U a' or a. All these pigments were adsorbed above 
chlorophjil a' on adsorption colunms. All but one of the four to sLx or 
more stronglj’ adsorbed bands on the colunms were similar in color to the 
adsorbed chlorophj’U a. The exceptional band, which was adsorbed third 
or fourth above chlorophj’U a, was much bluer than the others. Pigments 
eluted from the green bands with methanol exhibited absorption maxima 
at wave-lengths nearlj- identical with those of chlorophj’U a; namelj', at 
666 mu. A methanol solution of the pigment from the blue band e.xhibited 
ma.ximum absorption at a shorter wave-length ; namelj’, at 656 m;i. None 
of these pigments was chlorophj'U c. PheopUj-tins obtained from these 
pigments did not resemble the analogous product obtained from chloro- 
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phyll c. For example, pheophj'tin from the clilorophyll a alteration 
product that formed a blue band on the column exhibited principal ab- 
sorption at G70 m/x; pheophytin from a pigment adsorbed just, above the 
blue band exhibited maximum absorption at 053 m^x; pheophytins from 
most of the other green alteration products cxhiliitod maximum absorption 
at about 606 m/x. 

A freshly prepared, dilute methanol solution of chlorophyll a preserved 
in the dark in an evacuated and sealed glass tube for 3 weeks gave the same 
series of pigments obtained from methanol solutions exposed to air. 
Chlorophyll a dissolved in methanol containing copper acetate and exposed 
to air for several daj's gave rise to a number of pigments several of which, 
in respect to their color and behavior on adsorption columns, resembled 
those formed in the absence of copper acetate. Chlorophyll c was not 
formed. 

"NAHien sunflower leaves or red or green algae were killed with methanol 
or ethanol vapors, permitted to stand for several hours or more, and 
the chlorophylls extracted and then separated by adsorption, a dozen or 
more green pignients were readily detectable. Some of these were quite 
strongly adsorbed but none of them resembled chlorophyll c. In the case 
of a green alga, Ulva sp., and sunflower leaves, the speed at which these 
additional products were formed decreased with a decrease in temperature 
and with a decrease in the amount of oxygen present. In these plants, 
formation of chlorophjdlidcs resulting from the action of ehlorophyllasc 
proceeded cleanly and rapidly in hj'drogcn, no oxidation jiroducts being 
formed. 

Trailing portions of the strongly adsorbed bands resulting from the 
action of air and alcohol on plant material remained in the upper regions of 
the adsorption columns (32). Adsorbed chlorophyll c was readily con- 
taminated by these trailing portions of the bands of altered chlorophyll o. 
To avoid such contamination, fresh, rapidly prepared plant extracts must 
be employed. 

These experiments demonstrate that chlorophyll a is readily convertible 
into a variety of products, depending upon the conditions to which the 
plant material and the solutions are exposed. None of the products is 
chlorophyll c. In leaf material, formation of the alteration products can be 
attributed to at least three types of reactions: isomerization (31), oxidation 
(33, 34) including oxidation induced by the specific enzymatic oxidation of 
other substances (35), and enzjmatic hydrolysis or alcoholj'sis of the 
chlorophyll (19). In leaf extracts, isomerization as well as oxidation of 
chlorophyll a probably contributes to formation of other products. The 
rapid formation of chlorophyll a' from chlorophyll a indicates that subse- 
quent reaction may involve these two isomeis rather than one. In view of 
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this and considering the variety of products formed, we believe that the 
phenomenon of the allomerization of chlorophyll (19, 33, 34) is in need of 
further investigation. 


DISCUSSION 

In 1913 and 1914 Willstatter and Page reported that chlorophj’-ll c was 
not present in e.vtracts prepared quickly from fresh brown algae with cold 
solvents (19). This claim was apparently based on the absence" of the 
absorption band of chlorophj’U c at about 630 mn- They also reported that 
chlorophyll c was present in extracts of stale (“nicht mehr frischen"”) 
and of dry bron'n algae but did not describe the method employed for its 
detection. From this limited information they concluded that chlorophj'U 
c was a postmortem product formed from chlorophyll a by some unknown 
reaction. This conclusion has been concurred in by Kylin (20), by Mont- 
fort (23), and by Sej'bold and his coworkers (21, 22). 

From the experiments summarized in Fig. 1, there can be no doubt that 
chloroph}’ll c occurs in the extracts prepared from fresh cells. It is obvious 
from the curves in this and in our earlier paper that the absorption band 
of chlorophyll c cannot be readily observed in these extracts by the spectro- 
metric methods employed by ^NTllstatter and Page. Their claim for the 
absence of chlorophyll c in the extracts of fresh brown algae appears to be 
groundless. 

In 1914, Wilschke (9), having observed the fluorescence band of chloro- 
phjdl c in extracts of diatoms and brown algae, concluded, contrary to iVill- 
•statter and Page, that chlorophyll c was a native pigment, .\lthough WU- 
schke’s obserr-ation was repeated by Dh4r6 and his assistants (6, 7, 10, 11), 
thej'- were unable to detect the fluorescence band of chlorophyll c in the 
living organisms. 

This apparent absence of the fluorescence band of chloroph}’!! c in living 
algae cannot be regarded as proof of the absence of this green pigment. In 
the leaf, chlorophylls a and b exist in some special phj'sical state or combina- 
tion (32, 36) in which form they are but weaklj' fluorescent, the fluorescence 
of chloroph}’!! b being barely detectable (37, 38). Our e.xperiments with 
adsorption columns indicate that under similar conditions adsorbed chlor- 
ophyll c may be much less fluorescent than adsorbed chlorophj-ll a. In the 
algal cells, the concentration, the state, and the orientation of the pigments 
maj' be such that the fluorescent light from chlorophyll c is not intense 
enough to be detectable. 

Most workers who have used adsorption columns for examination of the 
algal chlorophylls have failed to detect chlorophyll c in extracts of diatoms 
(21-24, 39, 40), brown algae (22, 41), yellow algae (22), or Peridinium (22). 
In our e.\periments, with organisms from three of these groups, this method 
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has never failed to give a positive rcsvdt, provided the proper precautions 
were taken; namely, use of frcsli extracts, complete transfer of the pigments 
from the acetone or methanol extracts to pctrolcunr ether, avoidance of ex- 
posure of the pigment solutions to heat, and sufficient development of the 
chromatogram with petroleum ether containing 2 to 4 per cent n-propanol. 

If chlorophyll c were fonned from chlorophyll n (or from nnj' other sub- 
stance) after death of the cells, the ratio of thscs two chlorophylls should 
varj' when the cells arc killed and extracted under greatly different condi- 
tions. These changes should be most readily observable in extracts of or- 
ganisms such as Pcridinnirn, that yield a large proportion of chlorophyll c. 
Experiments already summarized in Fig. 4 indicate that no such variation 
occurs; hence, chlorophyll c must exist in tlic cells. It is, therefore, not a 
postmortem product any more than chlorophyll a is a postmortem product. 

The smallest proportions of chlorophyll c were found in ponnate diatoms 
and in brown algae (1). Somewhat larger proportions occurred in three 
centric diatoms and much larger proportions in the dinoflagellate, Peri- 
dinixim dnetum. These three plant chusses, diatoms, dinoflagellates, and 
brown algae, are noted for their wide distribution, abundance, and im- 
portance in the world-wide production of organic matter. Tlie large 
amount of light absorbed by chlorophyll c relative to chlorojdiyll a in ex- 
tracts of these organisms (Fig. 3) lends further support to the view that 
chlorophyll c may be an important pigment in the production of organic 
matter by plants (1). Because of the wide marine distribution of plant 
cla.sses in which chlorophyll c has been fouml and because of the restricted 
abundance of marine plants containing chlorophyll h, chlorophyll c may 
rank with chloroph.yll i) in respect to gcogm|)hical di.stribution and .abun- 
dance. 


SUMM.MIY 

Chlorophyll c occui-s in extracts of both centric and pennate diatoms. It 
occurs in even larger proportions in extracts of the fresh-water dinoflagellate 
Peridinium dnclitm and in extracts of a similarly pigmented alga found 
growing symbioticallj'^ in a sea-anemone. Chlorophyll c was not found in red, 
green, or blue-green algae nor in Euglcna, Further evidence has been ob- 
tained that chlorophyll c is a natural constituent of the cells rather than a 
postmortem product. In respect to abundance, to geographical distribu- 
tion, .and to possible importance in the photos 3 mthetic apparatus of plants, 
chlorophjdl c ma.v rank with chlorophjdl h. 

Chlorophj’ll a, in killed plant tissue, in plant extr.acts, and alone in solu- 
tion, is converted, bj' hydrolj'sis, isomerization, and oxidation, into a num- 
ber of strongly adsorbed products. Although some of these compounds maj" 
easity contaminate chlorophjdl c on the adsorption columns when pigments 
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of diatoms and dinoflagellates are separated by adsorption, none of these 
products is identical nith chlorophyll c. Evidence has been obtained that 
allomerization of chlorophj'U may be a vei^' complex process involving iso- 
merization as well as oxidation reactions. 

We wish to thank Mr. Paul S. Conger of the National Museum for tax- 
onomic identiBcation of the diatoms, and also Mr. Philip Carpenter for 
calling our attention to the bloom of dinoflagellates. Dr. Gilbert M. Smith, 
Dr. J. H. C. Smith, and Dr. H. A. Spoehr have generously contributed in- 
valuable discussion and advice. 
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THE AEROBIC CARBOHYDRATE AND LACTIC ACID 
METABOLISM OF MUSCLE PREPARATIONS 
m VITRO* 

By william C. STABLE and JOHN A. ZAPP, Jb. 

{From Ihe John Herr ilxaser Deparlmenl of Research Medicine, Unitersily of 
Pennsylvania, Philadelphia) 

(Received for publication, March 30, 1943) 

In studies of muscle metabolism in vitro, the use of various types of mus- 
cle minces and strips is -svide-spread. Frequentlj', supplements such as 
fumaric, succinic, and citric acids, boiled muscle juice, etc., are added for 
the purpose of studjung metabolic cj^cles. On occasion malonate is added 
to stop the cyclic reactions of the 4-carbon dicarboxj’lic acids at the succinic 
acid stage. 

Muscle from various animals has been used, but pigeon breast muscle has 
been the choice of most investigators. Pigeon muscle mince suspended in 
phosphate-saline buffer shows a rather characteristic beha-vior in oxj’gen at 
38°. There is a very rapid initial uptake of oxj'gen which falls off in the 
course of 2 to 3 hours to a small fraction of the original rate. The total 
oxygen uptake, depending on conditions, supplements, etc., varies, but in 
the unsupplemented medium or in media to which small amounts of fuma- 
rate or succinate have been added, the o.xj’-gen uptake may be as large as 
400 micromoles of O 2 per gm. of (wet) tissue, averaging about 200 micro- 
moles per gm. As a rule, the respiratory quotient is high (average 1) in 
imsupplemented preparations. This high value has naturally led to the 
conclusion that the major portion of the oxj’gen uptake is concerned with 
the oxidation of carbohydrate. 

For example, in recent work on the influence of insulin in vitro upon the 
metabolism of pigeon muscle mince (1-4) the constant finding of a small 
but definite increase in the oxj’gen uptake in the presence of insulin and 
certain supplements such as fumarate, citrate, etc., has led to considerable 
discussion of the possibilitj’ that insulin influences the reactions of certain 
steps in the cj’cle bj’ which carbohj'drate is oxidized. The tacit assump- 
tion is made that the pigeon mince is oxidizing carbohj’drate or at least 
some members of the gU’celj-tic cj’cle. However, we have been unable to 
find in the literature manj’ determinations of carbohj’drate balances in 

• The work reported in this paper was aided by grants from the Rockefeller Foun- 
dation, the Committee on Research in Endocrinologj’ of the National Research 
Council, the Ella Sachs Plotz Foundation, and the University of Pennsylvania 
Chapter of Sigma Xi. 


669 



G70 


MKTADOLISM OF MIJSCMI FIIKI’MIATION'S 


minced muscle j)roparations during periods of equilibration in vitro. The 
few reported by Kutscher and Hasenfuss (5) show that only a small part 
of the total oxygen uptake could be accounted for by the decrease of carbo- 
lydratc as determined ly their methods. 

Measure of Carbohydrate Batanec 

Tlie main part (about 95 per cent) of the total carbohydrate derivatives 
in muscle consists of free glucose, glycogen, and lactic acid. They were 
measured as the sum of the fermentable reducing substances after hydroly- 
sis for 2.5 hours in normal sulfurie acid, and the lactic acid determined 
independently. 

Other membem of the glycob'tic cycle such ns phosphoglyceric acid, 
phosphopyruvic acid, etc., arc present presumably in very small amounts 
onlj"^ and therefore should have no significant cfTcct on the balances reported 
here. 

Phosphorylated hex'osGS, chiefl}" he.xose monophosphate, arc present in 
muscle of various species in amounts ranging from 5 to 10 micromoles per 
gm. Hexosc monophosphate, according to Cori and Cori (G), is not 
determined as fermentable reducing substance in acid hydrolysates because 
the sugar split off is destroyed, and also because phosphorylated hc.xoses are 
not fermented by intact yeast cells. Hence, by presumption, it is not 
included in the analyses reported. The extent to which this influences 
the subsequent conclusions will be discussed. 

Within these limitations we define carbohydrate summation (expressed 
as micromoles of hexose per gm. of (wet) muscle) as the fermentable re- 
ducing substances after acid hydrolj’sis -b one-half the lactic acid. 

The difference between the initial and final summations over a period 
of time gives the carbohydrate balance and in tliis paper we report a num- 
ber of such balances measured as defined above on various types of muscle 
preparations equilibrated in oxygen for 1 to C hours. We found to our 
surprise that in most cases there was practically no change in the summa- 
tions of pigeon or cat muscle preparations despite the fact that the oxygen 
uptakes were high and the respiratoiy quotients averaged close to 1 . 

M ethods 

Preparation of Lalapie Mince — The muscle was dissected out immedi- 
ately after death of the animal by decapitation, freed from fat and connec- 
tive tissue, cliilled on ice, and put through a chilled Latapie mincer. 
Individual samples of mince were then weighed into Warburg vessels or 
a single weighed portion of mince was suspended in a suitable quantity of 
medium and samples of the suspension were pipetted into the Warburg 
vessels. 
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Preparation of "Blendor" Mince — weiglied quantitj' of muscle, freed 
from fat and connective tissue, -n-as placed in a Waring blendor containing 
a measured quantity of chilled medium. The tissue was subjected to 30 
seconds blending at 14,000 h.p.m. (i.c., to the action of rapidly revolving 
knives), and was strained through wire gauze to remove gross particles. 
Samples of the resulting filtrate were then pipetted into Warburg vessels. 
The muscle particles in the suspension so obtained are smaller than those 
found in a Latapie mince, but on microscopic examination fibers were 
clearly recognizable. Prolonged blending results in a preparation with no 
identifiable histological structures and a greatly diminished oxj’gen uptake. 

Preparation of Muscle Strips — ^The technique used was similar to that 
described by Richardson, Shorr, and Loebel (7). The muscle strips were 
prepared bj' cutting along the fibers with small sharp scissors, udth as little 
damage to the fibers as possible. The strips were weighed into Warburg 
vessels. 

Preparation of Scissors Mince — Scissors mince was prepared as described 
by Kutscher and Sarreither (8). The muscle was thoroughl 3 ' chilled in 
cracked ice and a fine mince prepared with small sharp scissors. The size 
of the muscle particles was comparable to those obtained in a Latapie 
mince. Individual samples were weighed into Warburg vessels. 

Three tj^es of buffered medium were used. 

Buffer I — This buffer was a potassium-magnesium buffer designed to 
approximate the composition of intracellular muscle fluid as closeh’’ as was 
Compatible nith other reqiurements of the medium. This buffer consisted 
of KjHPOi and ICHjPOi 0.075 m, KCl 0.020 m, and MgCl. 0.020 m; pH 7.4. 

Buffer II — ^This was a phosphate-saline medium containing no potassium 
or magnesimn: NajHPOj and NaH-POi 0.050 xi, NaCl 0.080 xi; pH 7.4. 

Buffer III — ^This buffer contained bicarbonate, and when used xvas 
equilibrated with a mixture of 95 per cent O. and 5 per cent CO-. It con- 
tained NaHCOj 0.025 xi, Na-HPOi and NaH-POi 0.020 xi, NaCl 0.080 xi, 
KCl and MgCl- 0.005 xi; pH 7.4. 

All concentrations refer to final concentrations during equilibration. 

Determination of Oxygen Uptake and Respiratory Quotient— Measurements 
of oxj'gen uptake and carbon dioxide formation were made at 38°. IWien 
Buffer I or II was used, the gas phase was 100 per cent oxj'gen. In this 
case, standard tj'pe Warburg x-essels baxing a single side sac containing 
alkali and a center xveU containing acid were used. At the end of the 
respiration period, the entire contents of the flask were acidified bj* mixing 
the acid, alkali, and medium, and the total CO- of the sj'stem was measured 
manometricallj'. The initial CO- of the sj'stem xvas measured bj* setting 
up controls containing tissue and the same amount of buffer as the samples 
respiring. At the time xvhen taps of the manometers xx'ere closed and the 
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respiration period began, acid was tipjied in tlicse controls. Consequently, 
the difference between the total CO; of (he .system at the beginning and end 
of the respiration period could be calculated. 

When Buffer III was used, the gas phase contained 95 per cent 0; and 5 
per cent CO;. In this ease, the equilibrations were carried out in .special 
vessels designed by one of us (W. C. R., un)niblished) which permit the 
measurement of oxygon uptake, carbon dioxide formation, and acid change. 

Dclmmiinh'on of Total Fermentable Carbohydrate — The ti.ssue and medium 
were transferred quantitatively to a I’yrex tube, made 1 n in H;SO<, and 
hydrolyzed 2.5 hours at 100° in a boiling water bath. During the hydrol- 
ysis, the tubes were covered with glass balls which acted as reflux conden- 
sers. The hydrolysates were clcprotcinized with ZnS 04 and NaOII. The 
protein-free filtrates were then acidified and shaken with a small amount 
of Lloyd’s reagent, and quickly filtered. Sugar was determined on these 
filtrates by the Benedict colorimetric method both before and after yeast 
fermentation. Colors were read in the Klett photoelectric colorimeter 
with Filter 42. Fermentable reducing material was calculated as glucose. 
Repeated control analyses of known amounts of glucose added to muscle 
minces convinced us that our analyses of total fermentable carbohydrate 
were in general reliable to bettor than ±5 per cent . 

Lactic Acid — Because of pronounced aerobic glycolysis many of our prep- 
arations at the end of the equilibration period contained little carbohydrate 
but much lactic acid. Hence the reliability of the carbohydrate summa- 
tion depends in considerable measure upon the accuracy of the lactic acid 
method. We used two methods. Initially the Barker and Summerson 
method (9) was found satisfactory, but because the Lehmann (10) enzy- 
matic method is more sijccific for d-lactatc than any other method in current 
use we later employed it. Intercomparison of the two methods on the 
same muscle preparations showed close agreement, however, so that the 
possible existence of some interfering substance can be eliminated from 
consideration. 

Ketone Bodies — These were determined by the method of Shipley and 
Long (11) . 

Pigeon Musele Minec {Blendor Mince) — In Table I are shown the results 
obtained in two typical experiments with pigeon breast muscle. 

In Pigeon 265 there is essentially no change of the carbohydrate summa- 
tion as measured by the sum of fermentable carbohydrate -f 0.5 lactic 
acid. The oxygen uptake during the 2 hour period of equilibration was 
154 micromoles per gm. This amount of oxygen' at the observed respira- 
toiy quotient of 0.89 would account for the oxidation of approximately 16 


Calculated by the factor 



X O; (micromoles per gm.). 
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micromoles per gm. of carbohydrate but no such decrease is found in the 
carbohydrate balance. 


Table I 

. Pigeon Breast Muscle; Blendor Mince 

Pigeons 265 and 265-B, 2.0 cc. of potassium phosphate-saline buffer (No. I), pH 
7.4, -f- 0.27 gm. of muscle; equilibrated 2 hours at 38°. Pigeon 265-C, same with 
0.050 M nieotinamide. 


The results are expressed in micromoles per gm. 





Pigeon 265 









9.9 


** lactic add (X 0.5) . .. . 



62.0 


Total initial carbohydrate summation . . 


n.9 

Ftnfl] values 

Sample 

No. 

Change of i 
FC 

Change of 
lactic acid 
(X0.5) 

Total 

change 

1 . . 1 

C O 

1 

1 

1 H.a. 

Oi unaccounted 
for by -*A 
carbohydrate 

1 


+8.0 ! 

1 

155 

0.90 


2 

-7.1 

1 + 8-5 ; 

i ; 

152 

0.83 


3 


1 +7.0 

1 

155 

0.92 


4 

-.7.9 

1 +5.0 

! -2.9 1 

155 

0.90 

1 


Mean 

—7.5 

1 +7.1 

! -0.7 i 

1 1 

154 

0.89 

151 




Pigeon 26S-B 





Initial FC ... 




.. S5.7 


“ lactic add (X OJ) 



. . . 81 .( 

) 


Total initial carbohydrate summation . . 


iw.: 


1 

i -58.1 

‘ -1-51.3 

-G.6 

98 

' 1.02 

1 ^ 

2 

-62.6 

1 +58. 5 

‘ -4.1 1 

' 1 

97 

j 1.03 

I 




pigeon 265-C 





Initial FC 




. lOT.O 


** lactic add (X 0.5) 



C3.5 


Total initial carbohydrate summation 


. . . 1T0.5 

1 

i -84.0 

i -1-79.0 

—5.0 ' 

113 

'< 0.9S 

j 83 

2 

1 -82.0 

; +81.0 

; -1.0 1 

112 

j 0.98 

j 106 


FC throughout the tables indicates total fermentable carbohydrate determined 
after h3-droIysis of the sample in I x U^O, for 2.5 hours at 100°. 


In the case of Pigeons 2G5-B and C the decrease of the carbohydrate 
summation is small (average about 5 micromole.^ per gm.). The oxygen 
uptake tmaccounted for by this decrease ranges from 58 to lOG micromoles 
per gm., equivalent to 9 to IS micromoles per gm. of carbohydrate, for 
which no corresponding decrease in the carbohydrate balance is found. 
In this case the respiratory quotient was essentially 1. 
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In the case of Pigeon 2G5-C nicotinamide at a concentration of 0.050 M 
was added to tlie bulTcr with the intent to prevent u po.ssihle destruction of 
diphosphop 3 'ridinc which is known to occur in the ijrcscncc of disintegrated 
tissue (Handler and Klein (12)). However, the results were essentially the 
same as without the nicotinamide. 

Table II shows the results with a Latapic mince suspended in sodium 
phosphate-saline buffer. In this ease sodium fumaratc as a i)0S3iblc aug- 
mentor of carbohj’dratc oxadalioii was added in -v'ar^'ing amounts up to 20 
micromoles per gm. of muscle, equivalent to a final concentration of 0.003 
M. The results were cssentiallj' the same ns with the potassium phosphatc- 

TAni,E II 

Norvial Pigeon Breast Mvscle; Latapic Mince 


Pigeon 205-D. 2.0 cc. of sodium pho.splinte-.sniine luifTcr (Xo. II) -f 0,27 gm. of 
mince; equilibrated at 3S° for 2.5 liours. 

The results are expressed in micromoles per gm. 


Initinl FC 


7 

" Inctio ncid (X 0.5) 


. M 

Totftl inlti/d cnrJx)hy<lrn!o fliimmntion 


CO 

Finn! vnlucs 


Sfimplo 

No. 

Ad<Ic<l 

fumarnto 

CliaoKcof 

FC 

ClmoRO of 
liusticncicl 
(X0.6) 

ToUiI 

clmnRo 1 

1 . 1 

! O.xycpn 

1 HplAKP 

1 

( 

: Oi im.iccounltd 
for by —A 

1 c.orbohyt!rate 

1 

I 

0 

—1 

-0 




2 

5 

+ 1 

—1 




3 

10 

-5 

-4 




4 

20 

1 

-2 

-5 




Mean 

-8 

2SS 

240 


saline preparations of blendor mince. There was a slight decrease of total 
fermentable carbohydrate -|- lactic acid with amounts of o.xygcn uptake 
unaccounted for by these decreases ranging from 190 to 281 micromoles per 
gm. (equivalent to 32 to 47 micromoles per gm. of hexose). 

Scissors Mince of Pigeon Muscle — The method of preparation of the 
tissue is known to have marked influences upon the course of the metabo- 
lism in vitro (Kutscher and Sarreither (8)). A fine mince was prepared by 
cutting pigeon breast muscle with sharp scissors. .'HI preliminary opera- 
tions were carried out at 0° and the final mince has about the consistenc 3 '' 
of a Latapie mince. This mince took up ox 3 'gen activebv for a jieriod of 
6 hours (initial rate 120 micromoles per gm. per hour; rate at 180 minutes, 
70 micromoles per gm. per hour). The total ox 3 'gen uptake (Table III) 
averaged about 400 micromoles per gm. but only about 25 per cent of this 
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could be accounted for by decrease of fermentable carbohydrate + lactic 
acid. K the b.q. of 0.85, obsers'ed on another preparation of the same 
type, is used (see the foot-note to Table III) the oxj'gen unaccounted for 
is equivalent to 24 micromoles per gm. of carbohydrate, a considerable 
quantity. 

Pigeon Musde Mince in Presence of Malonate — The use of sodium 
malonate in tissue suspensions is predicated upon the hypothesis that the 
action of succinodehj'drogenase is completelj' inhibited, especiall 3 ’' at high 

Table III 

Normal Pigeon Breast Muscle; Scissors Mince 

Pigeon 238. 2.0 cc. of potassium phosphate-saline buffer (No. I), pH 7.4, -J- 0.27 
gm. of musele; equilibrated at 38° for 350 minutes. 

The results are expressed in micromoles per gm. 


Initial FC tS.! 

*' lactic add (X 0.5) 34.4 

Total initial carbohydrate aummation S3. 5 

FiDfil values 


Fioal values 


Sample 

No. 

Change of FC 

Change of 
lactic add 
(X OJl 

Total change 

Oxj'gen uptake 

0} unaccounted 
for by —A 
carbohydrate 

1 

-46.0 

-1-28.7 

-17.3 

432 


2 

-47.0 


-16.9 



3 

-46.0 

-1-26.1 

-19.9 

411 

291 

4 

-48.0 

4-29.4 

-18.6 

382 

268 

Mean 

-18.2 

399 

289 


The verj- large amount of COj which formed during the course of the 350 minutes 
of respiration made it impossible to measure the respiratorj' quotient in this experi- 
ment. However, musele from another pigeon (No. 242) prepared in exactly the same 
way but allowed to respire for a shorter period of time (150 minutes) gave as the mean 
of four determinations ox 3 'gen 264 ± 2, r.q. 0.85 ± 0.02; compare the mean oxygen 
uptake for Pigeon 238 = 265 micromoles per gm. at 150 minutes. 

(0.025 m) concentration of malonate. Reoxidation of succinate therefore 
is assumed not to occur and any cj'clic reactions involving the 4-carbon 
dicarboxylic acids are stopped at the succinic acid stage. If, however, 
some member of the c.vcle antecedent to succinic acid is present, it is as- 
sumed that it takes part in cyclic reactions, particularl.v those invohdng 
the oxidation of carbohydrate up to the succinic acid stage. For example, 
the citric acid c.vcle of Krebs presupposes that in the presence of added 
fumarate muscle tissue will oxidize carbohydrate in the presence of raal- 
onate according to the following equation: fumarate -r “triose” 2.50j = 
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SCOj + succinato + 311:0. Wo have attomplccl using pigeon brcn.st 
muscle to demonstrate a disappearance of carboliydratc in the presence of 
0.025 M malonate and added fumarate at vaiying concentrations. In the 
experiments shown in Tal)lc IV we were unable to find any decrease of 
total carbohydrate as measured by the sum of fermentable carbohydrate 
and lactic acid. In fact., in both cases there was an increase of lactic acid 
sufficient to produce a small net increa.se of total carbohydrate. The total 
uptake of oxygen varied according to the amount of fumarate initiallj' 
Ijresont but in all cases it was sufficient according to the hypothetical 

'I AIII.K IV 

Pigenn lircaat MtiscAc: lUtntlor Miner 


2.0 cc. of pota.ssiuin pliospliate-snlinn iMiffer (Xo. I) with 0.02.") .m sodium mnlon.itc 
+ 0.27 gm. of musrlc; cquilitinitod at 3S° for .3 lioiir.s. 

Tlic results arc expressed iu mieromolcs per gm. 




FiRCon 223 

Initial FC 

1 “ lactic arid (X 0.5) 


0,0 i 

37. S 

! PiRcon 224. Dcpancrr.ati 2 c<!; cquilibratwl 
31 hra. 

IniiiM FC .. .20.1 

1 •• lactic and (X 0.5) , .... 24.3 

Sam- 

ple 

No. 

Fumar-j 

1 Total initial carboliydratc Rummation 37. S 

j Total initial c.irbohydrfltoatimmation 44. -I 

ate 


Final valtica 

i 

j 

1 

1 

Final vnluw 




ChniiEO 
of 1’ C 

CIiatiRo 
of lactic 
acid 
(X0.5) 

Total 

clianRO 

j 

[ox.vRon 

uptake* 

Il.Q 1 

ClmiiRc 
j of FC 

ClmnRc 
of lactic 
acid 
(X0.5) 

Total 

clmnRc 

OxyRcn 1 
uptake* 

j n.Q.t 

1 

1 

15 

0 

-m 

+11 

30 

1.2:3 

-10.5 

+29.4 

+ 12.9 

30 

1 1.91 

2 

30 

0 

+ 13 

+ 13 

75 j 

1.2!) 

-19.7 

+32. C 

+ 12.9 

72 

1.27 

3 

45 

0 

+ 10 

+10 

ns 

1.21 

-20.1 

+24.9 

+4.S 

lOS 

1.23 

-1 

GO 

0 

+2 

1 +2 

105 

1.17 

-17.9 

+29.5, 

+11.0 

154 

1.15 

5 

75 

0 

+3 

1 +2 

205 

1.1! 

-20.0 

+27.3 

+7.3 

192 

1.14 


* Corrected for O 2 taken up in tlic absence of added fumarate (22 and .30 micro- 
moles per gm. respectively). 

t Calculated by correcting for CO 2 formation in absence of added fumarate. 


equation above to account for amounts of carbohydrate ranging from 5 
to 35 micromoles per gm. of muscle. No such decreases tverc found. In 
all eases, too, the respiratory quotient averaged about 1.2. These results 
have customarily been interpreted to mean that there is an oxidation of 
carbohydrate according to the above equation. Our experiments, at least 
so far as fermentable hydrolyzable carbolnalrate and lactic acid are con- 
cerned, give no support to such an interpretation. 

In Pigeon 224, a depancreatized bird, the results with fumarate added in 
the presence of 0.025 m malonate are essentially the same as in the normal 
bird. It is to be noted that initiallj’ there was a moderate amount of 
carbohydrate in the muscle tissue. Yet the total net change in the 
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measured carbohydrate summation was an increase rather than a decrease. 
In other words, all of the o.yj'gen uptake obser\'ed must be accounted for 
by some substrate other than the fermentable h3'drolyzable carboh3'drate, 
or lactic acid. 

Cat Mvscle Strips and Minces — The carboh3’drate balances in the case 
of cat muscle strips and minces are no different from those observed in the 
case of the pigeon breast muscle minces. 

In Table V are given e.vperiments with a fine scissors mince of cat semi- 
membranosus and also long muscle fibers dissected out intact. In the 
case of the muscle fibers the conversion of fermentable carboh3-drate to 

Tabi.e V 

Normal Cat Muscle: Strips and Scissors Mince 

Cat 250. 2.0 cc. of potassium phosphate-saline buffer (N'o. I), pH 7.4; equi- 
librated at 38° for 3 hours. 

The results are expressed in micromoles per gm. 

Initial FC 3S.9 

“ lactic add (X 0^) 5*6 

Total initial carbohydrate aummatioD 47.5 


Final values 



Sample 

No. 

Cban« 
of FC 

Change of 
lactic add 
(X0.5> 

Total 

change 

Oxygen 

uptake 

B.Q. 

0: uoaC' 
counted for 
by —A car- 
bohydrate 

Strips 

1 

-25.4 

-t-22.7 

-2.7 

74 

0.97 

58 


2 

-22.8 

-i-32.2 

+9,4 

73 

1.00 

73 

Mince 

3 

-28.9 

-i-35.2 

+6.3 

87 

0.99 

87 


4 

-33.7 

-f45.6 

+11.9 

91 

0.97 

91 

1 


lactic acid is not complete as it often is in the case of mince. Hence, some 
carboh3'drate as such was alwa3’s present during the course of the equili- 
bration. However, the decrease of the carboh3'drate summation is either 
slight or none, despite which there was found a considerable oxygen uptake 
ivith a respirator^" quotient of practicalh' 1. EssentialU- all of the ox3'gen 
uptake, therefore, remains unaccoimted for b3" carboh3’drate oxidation as 
measured b3' fermentable reducing substances -h lactic acid. 

In the case of the scissors mince of cat muscle, there was found an increase 
of the carboh3'drate summation, although the total oxx’gen uptake was 
sufficient to account for a decrease of about 16 micromoles per gm. of carbo- 
h3'dratc. 

Depancrcaiizcd Cat Mnsdc - — In Table ^T are shown the results of experi- 

’ The authors wish to thank Dr. F. D. W. Lukcns, Director of the George S. Cox 
Institute, University of Pennsj'lvania, for performing the pancreatectomies on the 
cats used in these experiments. 
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ments mth Latapio mince of (lcpancrcati?:ccl cat nnisclo. In this case the 
buffer ■was a sodium bicarlionatc-salinc buffer (No. Ill) equilibrated with 

Taiiu; VI 

Lalapic Mince and Strips of Muscle of Cats £ Days after Pancreatectomy 
2.0 cc. of Eodium bicnrbonato-salinc buffer (Xo. Ill) 0.010 m aotli\im fumaratc; 
equilibrated at 38° for 3 boura with 05 per cent Oi and 5 per cent COj; final pTI 7.0. 
The rcsulta arc expressed in micromolca per pm. 


Crtt 1S.V Minco, 0.13 Rm. 

Initinl I'C 30. C 

" Iftclipncitt (X0.5) 3*.0 

Totalinitinl cnrl>o!iycIrnlo flummfttion 04. C 


VmM vnlutw 


Sample No. 

I 

CImnKcot FC 

ChanRo of lactic 
acid (X0.5) 

Total chanRC 

Ojycon uiitnVn 

n.Q. 

1 

-8.9 

+0.4 

-2.5 

137 

1.07 

2 




no 

l.OS 

iiean.............. ............. 

133 

l.OS 



3* 

-S.7 

+9.8 

+1.1 

79 


4* 




79 


5* 




05 

IBbI 


74 

1.3S 

Aififin 1 


Cal 187. Minco, 0.13 Rm.j oq^ulib^nt<^d 2 hw.; 2.0 cc. buffer uith 0.25 itm. in each 

Initial FC 14.4 

“ lactic acid (X O.S) 24.0 


Initial FC 14.4 

“ lactic acid (X O.S) 24.0 

Tolnl initial carbohydrate summation 38.4 


Total initial carbohydrate summation 38.4 


1 

WSM 

+18.5 

+5.3 

07 

0.84 

2* 

HUi 

+ 18.5 

+5.3 

62 



Cat 252. Muscle strips; equilibrated 2 hrs. 


Initial FC 39.1 

“ lactic acid (X O.G) 13.1 

Total initial carbohydrate summation 52.2 


1 

-18.6 

+23.8 

+5.2 

40 

■H 

2 

-H.7 

+24,6 

-12.9 

37 


3 

-30.7 

+28.2 

-2.5 

55 


Mean 

+5.2 

44 

0.90 



* Same buffer with 0.025 m sodium malonate added. 


95 per cent Oj and 5 per cent CO 2 . Considerable amounts of fermentable 
hydrolyzable carbohydrate were present in the muscle during tlie course 
of the equilibration. However, as before, the total change in fermentable 
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carbohydrate and lactic acid was essentially zero. The respiratory 
quotient was about 1 and the oxygen uptake of 133 micromoles per gm. 
was sufScient to oxidize 22 micromoles per gm. of carbohydrate, but no 
such decrease could be demonstrated. The same preparation of muscle 
mince in the presence of 0.025 m sodium malonate (together with added 
fumarate) again showed no change in fermentable carbohydrate and lactic 
acid despite the uptake of 72 micromoles per gm. of O 2 at a respiratory 
quotient of 1.4. 

In Cat 187 the results both TOth and without malonate are essentially 
the same. In the case of Cat 252 muscle strips were dissected out and 
equilibrated (no malonate). The results here are similar to those found 
before: no change in total fermentable carbohydrate and lactic acid, an 
appreciable oxygen uptake, and a high respiratory quotient. It is to be 
noted here, too, that considerable amounts (20 micromoles per gm.) of 
fermentable carbohydrate were present during the equilibration. 

Kelone Body Content of Musde Minces — It was conceivable that during 
the process of mincing large amounts of fat might be rapidly oxidized to 
ketone bodies (acetoacetic or /3-hydroxj'butyric acid) which would then 
during the course of the equilibration with oxj'gen be oxidized by the muscle 
mince wth a resultant high respiratory quotient. This possibility was 
completely ruled out by finding, in the case of two muscle mince prepara- 
tions, practically no ketone bodies, either after mincing or at the end of 
the equilibration period with oxygen. 

Acids Other Than Lactic in Minces — It was possible that some acid other 
than lactic was either initially present or rapidly formed during the mincing 
and was conceivably acting subsequentlj’^ as a substrate with high respiratory 
quotient. Evidence contrary to this possibility was obtained in the fol- 
lowing way. A blendor mince of pigeon breast muscle was prepared and 
equilibrated with oxygen at 38° for 7 minutes. This would correspond to 
the initial period subsequent to which the oxygen uptakes were customarily 
measiued. At the end of the initial period, however, the mince was 
deproteinized with tungstic acid, the tungstate removed from the filtrate 
mth barium, and the barium removed with slight excess of sulfuric acid. 
This filtrate was then titrated with alkali, the glass electrode being used to 
measure the pH. The buffer slope between pH 3.6 and 4.4 was calculated 
from this titration curv'e and the concentration of acids with pK values 
approximately 4 zt 0.4 was calculated by the customary buffer equation, 
total acid = /5/0.575, where /S = buffer slope (equivalents of alkali per 
pH) and 0.575 = molecular buffer at maximum buffer (pH = pK). Con- 
trol e,xperiments showed that total acids with pK values = 4 ± 0.1 could 
be determined by this method with an accuracy of ±5 per cent. In the 
case of the filtrate from the muscle mince prepared as above the results 
were as follows: lactic acid obser\*ed = 127 micromoles per gm.; total acids 
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(pK = 4 ± 0.4) calculated from InifTcr .slope = 134 microequivalents 
per gm. Within the limits of error all acid with pK value.s of 4 ± 0.1 was 
accounted for by lactic acid. This finding i.s against the po.^sibility being 
tested. 

It is necessary to emphn-sizc that this conclusion is limited to the non- 
occurrence of some acid other than lactic with pK = 4.0 d: 0.1 or greater. 
The nature of the titration curve of the filtratc.s docs not permit us to 
exclude the possible occurrence in appreciable amounts of some acid udth 
pK less than 3.9. 

TAiu.r.VII 

Xonrial Pigeon lirenxl Muscle: Lalapie Mince 

Pigeon 2G5-G. 2.0 cc. of phoaplmtc-.^nlino Ixiffer (N'o. II) + 0.27 gm. of muscle; 
cquilibrnled fit 38° for 2 hours. 

The results are expressed in micromoles per gm. 

Initial FC i: 

Ificlic fldd (X 0.5) 51 

Cnrl)ohydmlo Biitnmnlion 

InUitd ammonifi 10.3 


Final valuw 


Somplc 

No. 

Clmncc 
of FC 

Chnrjffo of 
lactic acid 
(X0.6) 

Total 

cltAnse 

OxyRcn 

uptake 

n.Q. 

Oj unac* 
ci>untcd for 
by — A car* 
bchydfftle 

.. 

Chanjje of 
ammonia 

2 

■■ 



170 

0.85 


-1-3.1 

3 




193 

0.87 


-1-6.4 

5 


-1-7 

-5 

194 

0.87 



6 


-1-8 

-4 


0.87 



8 

nn 



222 

0.90 



Mean 

-5 

194 

0.87 

1C4 

-1-4.7 


Phosphoglyceric acid would be precipitated as barium salt during the 
preparation of the above filtrate, and hence its occurrence in the original 
muscle cannot be excluded by this titration. However, we have been 
unable to find evidence in the literature that phosphoglyceric acid would 
accumulate in muscle under the circumstances of these experiments except 
in very small amounts. Hence it is doubtful that it plays any r61e in the 
problem. 

Further evidence against the possibility of an acid being the substrate 
was obtained in several instances in which the acid change during aerobiosis 
was determined. None was found, indicating that there was no oxidation 
of any preformed acid. 

Possible Substrates Derived from Protein — Another possibility was consid- 
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ered. A rapid proteolysis might form amino acids which upon deamination 
would form oxidizable substrates. In this case there should be a consid- 
erable increase of ammonia during the course of the equilibration. In the 
experiment shown in Table VII only an average of 15 per cent of the total 
oxygen uptake could be accounted for by the measured carboh 3 *drate 
oxidation. The balance of 164 micromoles per gm. could not conceivablj* 
be used for the oxidation of substrates formed according to the above 
hypothesis when onlj- a negligible amount (5.4 micromoles per gm.) of 
ammonia was formed. Hence this possibilitj' must be eliminated. 

DISCUSSION' 

Muscle strips or Latapie, blendor, or scissors minces of skeletal muscle 
of pigeons or cats, when equilibrated in vitro in various Uq^es of buffer 
solutions at 38°, take up large amounts of oxj'gen at an b.q. close to 1, 
indicating an active oxidation of substrates initiallj' present in the tissue. 
However, the natural conclusion that carbohj'drates or intermediates of 
the glycolj-tic cj'cle are o.xidized was not supported bj' measurements of a 
“limited” carbohydrate balance. This was determined as the molecular 
summation of total fermentable carbohj'drate after acid hydrolysis calcu- 
lated as glucose plus one-half the lactic acid. This represents the sum of 
glycogen, glucose, and lactic acid. In a considerable number of e.xperi- 
ments with pigeon and cat muscle there was no significant change in this 
initial and final carbohj'drate summation. In a few cases the decrease ac- 
counted for 10 to 40 per cent of the total oxj'gen uptake. 

In some cases, the increase of lactic acid, presumablj' outside the range 
of experimental error, was greater than could be accoimted for bj' the 
decrease of fermentable carbohj'drate, indicating a possible source of lactic 
acid other than fermentable, hj'drolj'zable carbohj'drate. 

It is true that in a good manj- cases the muscle preparation had no or 
small amounts of initial fermentable carbohj'drate. But this was bj' no 
means alwaj's the case. In Table ITII are shown in summarj' form those 
experiments in which initiallj' there were appreciable amounts of deter- 
mined carbohj'drate in the muscle preparation. Several points are to be 
noted. (1) The initial carbohj'drate decreased in all cases, but in manj' 
one-third to two-thirds of the initial amounts remained at the end of the 
aerobic period. (2) As a rule the major part of the decrease is accounted 
for bj' the formation of lactic acid, for the net change of the carbohj'drate 
summation is either a small decrease or a small increase. (3) The amount 
of oxj'gen unaccounted for bj' this decrease of carbohj'drate ranges between 
60 and 100 per cent of the total. In terms of he.xosc equivalents this is 6 to 
55 micromoles per gm. of muscle. VTien corrected for the r.q. bj' the 
factor (r.q. — 0.7)/0.3, the amounts are smaller, averaging about 15 
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micromoles per gm. except in the case of the scissors mince, in which it is 
about 25 micromoles per gm. 

These findings lead to the conclusion that large amounts of oxygen up- 
take (GO to 100 per cent of the total, ranging from 50 to 300 micromoles per 


Tai.i.k VIII 

Summary; Carbohydrate lialancc, Oxygen Uptake, H.Q. of Various Types of Muscle 
Preparations Equilibrated in Vitro at 5S’ 


The results arc cxprcs.scd in micromoles per cm. 


Tnbic 

No. 

Ani- 

mnl 

No. 

Trcprimtion 

Initml 

rc 

1 

ritiJti 

rc 

ToIa! 

' chnn^i*; 

: rc 

+ 05 
Inelic 
ftciil 

1 i 

1 

1 n Q. 

,0: unnccountetl fo 

1 

liCTorc** 

! 

As per 
c<‘nl of 
Ojo^i- 
(lizinc 

enrbohy 

(Irntet 

I 

2C5-H 

Pigeon, blender mince 

85.7 

27.0 

-o.c 

j 1.02 

0.7 

50 





23.1 

-1.1 

1.03 

12 

75 


265-C 

II II II 

107 

23.0 

-5.0 

0.98 

12.9 

72 





25.0 

-1.0 

O.OS 

10. C 

91 

III 

23S 

" scis.sors “ 

10. 1 

3.1 

-17.3 

O.S5t 


01 





2.i 

-10.7 



57 





3.1 

-10.0 


24.7 

55 


1 



1.1 

-18.0, 

1 1 

22.3 

54 

V 

250 

Cat, muscle strips 

i .38.0 

13.5 

-2.7 

0.07 

S.S 

77 




1 

IC.l 

-09.4! 

1.00 

12.2 

100 



“ Latapic mince 

; 38.0 

10.0 

-PC. 3 

0.09 

14.2 

100 



1 


5.2 

-pll.O 

0.97 

14.0 

100 

VI 

185 

II II II 

.30.C§ 

21.7 

-2.5 

1.07 

19.7 

so 



1 

30.GII 

21.0 

-Pl.ll 

1.08 



VI 

252 

" muscle strips 

30.1 

20.5 

-P5.2 

0.90 

5.1 

100 





27. -1 

-P12.9 

0.97 

5.0 

100 





8.4 

-2.5 


7.0 

75 

Mean 



14.8 

79 


* Calculated as . 

6 0.3 


0.7) 


X (total O: — 6A[cnrbohydrate -p 0.5 lactic]). 


t Calculated as 100 X unaccounted O. 

0.3 

t From another bird; see foot-note to Table III. 

§ 0.010 M fumarate present. 

II 0.010 M fumarate and 0.025 m malonatc present. 


X total Os. 


gm. of tissue) cannot be attributed to the oxidation of reducing fermentable 
substances obtained after acid hydrolysis, or lactic acid. Substances such 
as phosphogly ceric acid, phosphopyruvic acid, dihydroxj'acetone, etc., 
presumably occur in such small amounts in muscle that they may be 
reasonably dismissed from consideration. 
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As already discussed in the introduction, hexose monophosphate would 
not be included in the carbohydrate balance as determined here. Reported 
analyses in the literature for hexose monophosphate content of muscle of 
various species range from 2 to 10 micromoles per gm., -with an average of 
5, somewhat lower than the amounts unaccounted for here. The possi- 
bility, however, that phosphorj’lated hexoses, particularly hexose mono- 
phosphate, will account for the balance of the respirations of these muscle 
preparations remains open. But its eventuation would make it necessary 
to entertain the hypothesis that the phosphorylated hexoses are the main 
if not the sole carbohydrate substrate in muscle preparations of the type 
used. 

The possible substrate remains undetermined. Direct fat oxidation as 
the sole or main metabolic process would be incompatible with the high 
respiratorj' quotient. The possible occurrence of suflScient ketone bodies 
from fat was excluded by experiment. The formation of some acid other 
than lactic acid with pK 4 ± 0.5, such as pyruvic or phosphoglyceric acid, 
W’as also excluded ex'perimentally, or at least made unlikely. An ocem- 
rence of oxidizable substrate by formation of amino acids from protein was 
likewise excluded. Since the respiratory quotients reported here are total 
respiratory quotients measured over the entire period of equilibration, the 
possibility that there are changing phases of metabolism during the course 
of the equilibration cannot be excluded. Laser (13) found indications of 
such changes in the type of metabolism of mouse kidney slices with time 
and suggested that this may be reflected in changes of r.q. if measiued over 
shorter intervals. It is difficult to see, however, how this explanation 
would change the main conclusion which our experiments bring us to; 
namely, that some substrate not fermentable carbohydrate or lactic acid 
IS being oxidized in large amount by these muscle preparations. 


SUJr&IARY 


1. Muscle strips, Latapie, blendor, or scissors minces of skeletal muscles 
of pigeons and cats were equilibrated in vitro in various types of buffer 
solutions at 38“. The oxygen uptake, respiratory quotient, and change 
of reducing fermentable substances after acid hydrolysis -1- lactic acid were 
determined. 


2. The respiratory quotients foimd averaged 1.0 and the oxj'gen uptake 
was high, indicating an active oxidation of substrate presumably of carbo- 
hydrate nature. However, the decrease of carbohydrate as measured by 
a “limited” carbohydrate balance represented by the sum of fermentable 
reducing substances after acid hydrolysis -f- lactic acid accounted for none 
or only a small part (average 18 per cent) of the total oxygen uptake. The 
substrate being oxidized if it is carbohydrate or a derivative, as the high 
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R.Q. would appear to indicate, would range from G to 28 micromoles per 
gm., averaging 15 micromoles per gm. (as hexose) in various types of muscle 
preparations. 

3. Fat oxidation was excluded by the value of the respirator}’ quotient. 

4. Ketone bodies as substrate were also excluded by analysis. 

5. Ko evidence was found for active protein metabolism, since the am- 
monia content remained unchanged during equilibration. 

6. Search for an acid with pK 4.0 as a possible substrate was unsuccessful. 

7. The possibility that phosphorylatcd hcxosc.s are the sole or main 
substrates in such muscle preparations is discussed. 

8. The nature of the substrate being oxidized in these muscle prepara- 
tions remains undetermined. 
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VI. 2-lIETHYIi- AND lO-METHYL-SUBSTITUTED C.YRBOXYLIC ACIDS OF 
HIGH MOLECULAR WEIGHT 

Bt STIXA ST.ALLBERG-STEXHAGEN' a-xd EIX.AR STEXHAGEX 

{From the Institute of Physiology and the Institute of Medical Chemistry, University 
of Upsala, Upsala, Sweden) 

(Received for publication, March 15, 1913) 

The monolayer properties of a number of long chain carboxylic acids 
Mth methj’l side chains have been investigated previously (1-3). The 
acids so far examined contained from 14 to 20 carbon atoms and gave ex- 
panded monolayers which could not be condensed by compression, even 
at low temperatures. The smallest stable area per molecule to which 
these monolaj’ers could be compressed before collapse set in was 27 to 30 
sq. A. It was pointed out (2) that this area did not represent the extra 
space required by the methj’l side groups but rather represented the small- 
est area possible for a long chain in the liquid state. Dervichian (4) has 
discussed the different states of monolayers and pointed out that a nomial 
(straight) chain in the liquid state occupies a minimum area of 27 to 30 
sq. A. 

One of the objects of this series of papers was to explore the possibilities 
of the monolayer technique for the identification and the determination of 
the structure of branched chain compounds isolated from natural sources 
and it was therefore considered important to stud j’ the surface behavior of 
long chain compounds with methj’l side chains having molecular weights 
high enough to give condensed monolaj’ers. The smallest area to which 
such monolaj’ers can be compressed before collapse minus the cross-section 
of the long unsubstituted (normal) hj’drocarbon chain (18.5 to 20 sq. 
A.) maj’ be taken as representing the apparent cross-section of the methj’l 
side chain (or chains). 

Certain fairly large groups, such as oxj’gen atoms, maj’ be included in 
the crj’stal lattice of long hj’drocarbon chains without appreciable dis- 
turbance to the lattice. Actuallj’ the dipole introduced in the lattice in- 
creases the stabilitj’, and isomeric straight chain ketones all hav’e hi^er 
melting points than the corresponding hydrocarbons (5). On the other 
hand, a methj’l group cannot be included ^thout great disturbance and 
long chain compounds with methyl side chains (and, as is well know’n, in 
general branched chain compounds) all have lower melting points than the 
isomeric normal chain compounds. 
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The degree of disturbance depends in large part on tlic position of the 
methyl group along the chain. In the cn.ee of carbo.vylie acids, as judged 
from the melting points, the disturbance is Ic.ast when the methyl group is 
removed as far as possible from the earbo.vyl group (the iso acids) and most 
pronounced wlicn the side group is in a position about half way up the chain. 
A methyl group in the « jiosition (position 2)' has an intermediate effect. 
No complete series of isomeis with the mctliyl side chain in ev'cry possible 
position along the chain has yet been .synthc.‘ii5:cd, but the effect is shown 
clearly, for instance, in the series of octndccanoic acids, in which the normal 
chain isomer (stearic acid) melts at 09.4° (0), 2-rnethylhcptadccanoic (a- 
methylmargaric) acid at 31-35° (7), and lO-methylhcptadccanoic (iso- 
stearic) acid at 07.0-08.2° (S). 

Tlie lO-methyl'Substituted Cjs and C-? acids dealt with in the present 
work have considerably lower melting points 'ban their 2-substitutcd iso- 
meis. 

The acids and esters used wore those .synthc.sized by Schneider and 
Spielman (9) and Stenhagen and Tiigtstrom (10). Professor R. J. Ander- 
son kindly supplied samples of the acids prepared by the former authors. 

EXPERIMENTAL 

The technique has been described previously (1, 3), but has recently 
been improved in certain resiiccts. A double walled thermostat is now 
used and water from a tank equipped witli a heating and cooling system 
circulated between the walls of the thermostat and through a serpent-like 
glass tube in the trough. With this arrangement, the temperature of the 
trough and the surrounding air could be kept at any desired temperature 
between 1.5-55°, within 0.1°. The trough had the inside dimensions of 
15 X 52 X 1.5 cm. deep and was made by sand-blasting from plate glass 
25 mm. thick.- The inner edges were straight and accurately parallel. 
The substances Avere rveighed on a Kuhlmann micro chemical balance. 
Petroleum ether (b.p. 70-80°) was used as solvent and the spreading was 
effected by means of an Agla micrometer sj'ringe. For stable monolayers 
the reproducibility of the force-area measurements was of the order of 
of 0.5 per cent, and the results are probabW accurate within 1 per cent. 

2-Metliyl-Suhsiituted Acids — The 2-methyl-substituted acids wdth 21, 
25, and 27 carbon atoms (2-meth}deicosnnoic acid, m.p. 01.7-62.0° (10); 
2-methyltetracosanoic acid, m.p. 72-73° (9), 71.7-72.0° (10); and 2- 
methylhexacosanoic acid m.p. 75-76° (9) respectively) all form meso- 
morphous (liquid-condensed) monolayers in the undissociated state when 
spread on 0.01 N hydrochloric acid at 20° (Fig. 1). As the number of 

A The carboxyl is numbered 1. 

* Tlie trough was made by R. F. Cleve and Company, Stockholm. 
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carbon atoms increases, the limiting area gets slightly smaller, but even 
for the Cj 7 member it is considerablj* larger than for normal chain acids 
(compare the cur\'e for n-eicosanoic acid in Fig. 1). The form of the force- 
area curves is also quite different from those of normal chain acids, the 
compressibilit}' at medium pressures (5 to 20 dynes) being smaller. At 
pressures above 20 djmes the monolayers are unstable. The surface 
potential is about 400 millivolts; i.c., about the same as that of undissoci- 
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Rg. 1. Force-area, surface potential-area, and apparent surface moment- 
area eurves for 2-metbyIeicosanoic acid (CiiHuOs), 2-methyltetracosanoic acid 
(CuHjoOs), and 2-methylhexacosanoic acid (CjtHsjO-) spread on 0.01 x HCI at 20’. 
The corresponding curves for n-eicosanoic acid (CijHiaOi) (left) are also shown. 

ated normal chain acids in the condensed form. The potential appears to 
decrease somewhat as the number of carbon atoms is increased. The 
reproducibility of the surface potential measurements was tvithin 5 to 10 
millivolts for the and C !;7 member but was not so good for the C;i acid, 
variations of up to 25 millivolts being obtained in different runs. The 
apparent surface moments are around 300 millidebyes, and are slightly 
larger than those of the e.xpanded monolayers of the 2-methyl-substituted 
acids with 15 and 17 carbon atoms studied previously (1), the surface 
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moments of whicli were mound 210 mUlkiebyes. Idic different specimens 
of the Css aeids prepared by Schneider and Spiclman (9) and Stcnliagen 
and Tiigtstrom (10) gave identical results. 'J'lie tbermni expansion of 
the three acids is shown in Fig. 2. 'n»crc is a slight increase of the area 
at 1.5 dynes pressure (this area is better defined Ilian tlie limiting area) 
Avith temperature, and this increase is more marked for the C:i acid than 
for the two highest members, but even the fonner acid is condensed at 
the highest temperature investigated. 



Fig. 2. Thermal expansion at 1 .5 dynes pressure. Upper curves, 2-mcthyl- 
Bubstituted acids; lower curves, lO-mcthyl-substitutcd acids. Substrate, 0.01 N 
HCl. 

On neutral and alkaline substrates all three acids behaved similarlj''. 
The results for the Cji acid are shown in Fig. 3. On the phosphate buffer 
(curves marked P in Fig. 3) of pH 7.2 (Sorensen buffer (cf. (11)) diluted 10 
times) the force-area curve is slightly expanded compared with that on 
0.01 N HCl. Ba++ in a neutral substrate (BaCl; 3 X 10“® m, KHCOs 
4 X 10“'* m) causes a more pronounced general contraction. On the 
alkaline substrate (0.01 N NaOH) the monolayer is gaseous. 

Ethijl Eslers of 2-Methyl-SubsUtutcd Acids — Ethyl 2-methyleicosanoatc 
(m.p. 22.1-22.4° (10)) and ethyl 2-methjdtetracosanoate (m.p. 40.0—10.9° 
(10)) ga.Am the results shown in Fig. 4. The lower ester forms at 10° a 
mesomorphous monolayer with a limiting area of 22.5 sq. A. At 6.5 djmes 





Fig. 3. Force-area curves for 2-methyleicosanoic acid (CnHoOj) (left) and 10- 
methyltetracosanoic acid (CjsHssOi) (right) spread on different substrates (see the 
text) at 20°. 



_ Fig. 4. Force-area curves for ethyl behenate (C;iH«»0;) (left), ethyl 2-methyI 
eicosanoate (C-jHjiOi) (middle), and ethyl 2-methyl tetracosanoate (CjjHnOj) 
(right) spread on 0.01 N HCl at different temperatures. Surface potential-area and 
apparent moment-area cutams at 20°. 
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pressure tliorc is a clianp;c in flic slope of llio force-area curve and the 
monolayer is very incompressible above Ibis point b>i(. becomes unstable 
above 1 0 clynas pressure. At 20®, which is just below the thrce-ilimcnsional 
melting point, (he monolayer is gaseous, at low pressures. Tlic higher 
homologue foims mesomorphous monolayers at the two lowest tempera- 
tures investigated, the limiting area at 20° being the same, 22.5 sq. A., as 
that of the lower ester at 10°. llic monolayer is more stable, however, 
and the change in slope takes place at 15 djTies. .At ‘10° (near the melting 
point), the monolayer is somewhat expanded and jwobably liquid. Neither 



Fig. 5. Force-are.'i curves for lO-mcthyltctrncosnnoic acid (ChHioOi) spread on 
0.01 N HCl at difTcrent temperatures. 

ester collapses until the area is reduced to 19.1-19.3 sq. A., a remarkably 
small area, as it is only slightly larger than the smallest area obtained for 
the normal chain ester, ethyl behenate, whieh is also shoum in Fig. 4 for 
comparison. The surface potentials and the surface moments are much 
higher for the 2-methyl-substituted esters than for the normal ester. 

lO-Mclhyl-Snbstiiutcd Acids — lO-Mcthjdtetracosanoic acid (m.p. 51° (9)) 
forms on 0.01 N HCl atypical liquid-expanded monolayer (Fig. 5) with a tem- 
perature of half expansion at 1 .5 dynes pressure of 13.5°. Tliis temperature 
of half expansion is slightly lower than that of myristic acid (19.5°) which 
has 1 1 carbon atoms less. A single methyl side group in this position at 
about the middle of the chain thus neutralizes the condensing effect of no 
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less than 11 carbon atoms. The higher homologue 10-methj'lhexacosanoic 
acid (m.p. 54-55° (9)) is condensed at 20° and has a temperature of half 
expansion of 27° (Fig. 6 ). The addition of 2 carbon atoms increases the 
temperature of half e.\-pansion by 13.5°. This may be compared ndth the 
difference in half expansion temperatures between the normal chain C 19 
and Cn acids, which is 13° (Ca is the highest normal chain acid investi- 
gated; temperature of half expansion 72.5° (12)). The behavior of the 
Cis acid on different substrates is shown in Fig. 3. The monolayers are 
e.\panded, and barium ions in the substrate have a comparatively small 
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Fig. 6. Force-area, surface potential-area, and apparent surface moment-area 
curves for 10-methyltetracosanoic acid (C-iHsoOs) and lO-methylhe.'mcosanoic acid 
(CsjHsiOj) spread on 0.01 n HCl at 20°. 


condensing effect. lO-iMethylhexacosanoic acid when spread on neutral 
and alkaline substrates behaves in the same way as 2-methyleicosanoic 
acid shotvn in Fig. 3. The surface moments (Fig. G) are not very different 
from those of normal chain acids having the same number of carbon atoms. 

Mullilaycrs — ^Multilayers of the 2-methyl-substituted acids were built 
on chromium surfaces from a substrate containing 3 X 10”^ si BaCl; and 
4 X 10^ M KHCOj at 20°, by the technique of Blodgett and Langmuir 
U3, 14). Y-Deposition (deposition both on the down and up joume.v 
of the metal surface) occurred when castor oil (spreading pressure IG dimes) 
"as used as piston. As the monolayers are fairly compressible, different 
pistons give different optical thicknesses per layer (15). The long crystal 
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spaciiigs as determined by x-rays (nickcl-fdtered Cn A'„ radiation, cf. (3)) 
were found to be 40.5, 51.0, and 56.0 A. for tlie C;i, C-j, and Cit acids 
respectively. A comp.arison with the value.s obtained for multilayers of 
the normal chain C-o, C:«, and Cm acids built from the same substrate, 
56.3, 66.0, and 70.8 A., respectively, which crystallize with vertical chains, 
shows that the long chains in the case of the branched acids arc tilted. 
When plotted against the number of carbon atoms in the long chain, the 
spacings for these acids do not fall on a single line and it appears therefore 
tliat the degree of tilt for the barium s.alts of 2-mcthj’l-substitutcd acids 
is different for different chain lengths. A more complete scries of 2-mcthyl- 
substituted acids must be investigated, however, before this question can 
be settled. 

10-AIethyltetradccanoic acid formed aii expanded monolayer on the 
substrate used at 20° and multilayers were not obtained. At 5° it was 
possible to build multilayers, but these were not optically uniform. 10- 
Alethylhcxadecanoic acid also gave rc.sults inferior to those of the 2- 
methyl-substitutcd acids. The multilayer of the barium salt of the 10- 
methyl tetracosanoic acid gave a long .x-ray spacing of 45.7 A., while the 
higher homologuc gave a complicated diffraction pattern showing at least 
two sets of spacings. In both cases the chains arc tilted. In general, the 
branched compounds gave rather poor x-ray diffraction patterns showing 
few lines. From the 2-mothyl C*i compound only a very poor photograph 
showing two lines could be obtained after prolonged exposure. The ac- 
curacy of the spacings recorded is accordingly low (about ±1 A.). 

The multilayer experiments with the ethyl esters of 2-mcthyl-substituted 
acids gave only very poor results, as also the attempts to build multilayers 
of the free acids from acid substrates. 

DISCUSSION 

The results show that the presence of a meth}’! side chain in a long 
chain carboxylic acid has a pronounced effect, and that the force-area 
curves for the condensed monolayers arc quite different from those given 
by normal chain acids. The apparent cross-section of the methyl side 
group, defined as stated in the introduction, depends somewhat on the 
number of carbon atoms in the molecule and on the position of the methyl 
group. The smallest areas to which the C:? 2-methyl- and 10-methyl- 
substituted acids can be compressed before collapse are about 25 and 24 sq. 
A. respectively. It is possible that the iso acid with the same number of 
carbon atoms would give still smaller areas.® The extra space required 
by the methyl groups in the acids dealt with above is about 6 and 5 sq. A. 
respective!}'. In the ethyl esters of the 2-methyl-substitutcd series the 

’ Preparation of some long chain iso acids is planned in this laboratory. 
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methyl side chains can evidently be tucked away between tbe chains much 
better than in the acids, as the smallest stable area is 19.1 to 19.2 sq. A. 

The ester crystallizes in the three-dimensional state u-ith vertical mole- 
cules and if we make the assumption that the strong side spacings of 3.76 
and 4.59 A. obtained in the x-ray investigation (10) have the same indices, 
200 and 110 respectively, as in the normal (A) form of long chain hydro- 
carbons (16) (it has not yet been possible to obtain single crystals of these 
esters and the indices of the x-ray reflections are uncertain), the calculated 
cross-section of the ethyl ester of the Cjsacid is 19.1 sq. A., or exactl 3 ’’ the 
same as the cross-section obtained from surface data. The extra space 
required bj' the methjd group in this case is onlj' 0.6 to 0.7 sq. A. The 
ease with which a methjd side chain can be accommodated thus in the case 
of 2-methyl compounds appears to depend on the nature of the polar group. 
It is probable that any marked difference does not exist for the 10-methyl 
compounds but owing to lack of material it has not been possible to investi- 
gate any such esters. 

A methjd group in position 10 has very little effect on the surface mo- 
ments. In the 2-substituted acids the effect is larger in the condensed 
than in the expanded monolayers. For the latter the moments are only 
slightly higher than for normal chain acids. On the other hand, the 
effect of substitution on the apparent surface moment is very pronounced 
m the 2-substituted esters, which have much higher moments than normal 
chain esters. 

Grants from the Rockefeller Foundation and from the Swedish National 
Association against Tuberculosis are gratefullj' acknowledged. 


SUMitAHY 


The monolayer properties of a number of long chain carboxylic acids and 
esters with methjd side groups in positions 2 and 10 vdth respect to the 
polar group have been studied. The methjd side chain makes the con- 
densed monolaj’'ers occupj' an area 4 to 6 sq. A. larger at the point of col- 
lapse than normal chain acids, while the difference in the case of 2-methjd- 
substituted ethyl esters compared Avith normal chain esters is onlj' 0.6 to 
0.7 Sq. A. The force-area curves for the branched acids are of a different 
tJTJe than those for normal chain acids. A methjd side chain in the 
middle of the chain makes the monolajmr expanded at room temperature 


even if the acid contains as manj' as 25 carbon atoms, but has practicallj’ 
no effect on the surface moment. A methyl group on the carbon atom 
next to the polar group is less effective in causing expansion but increases 
the surface moment of the acids compared iidth normal chain acids. The 
latter effect is still more pronounced for the ethjd esters of 2-methjd- 
Eubstituted acids. 
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X-RAY STUDY OF THE HYDROCARBON FROM PHTHIOCEROL 
Bt EINAR STENHAGEN 

(From the Institute of Medical Chemistry, University of Upsala, Upsala, Sweden) 
(Received for publication, April 6, 1943) 

The monolayer study of the wax alcohol phthiocerol (1) from the tubercle 
bacillus wax (2) suggested that the molecule had a long and possibly 
straight chain; in any case, side chains longer than methyl seemed un- 
likely. It was suggested (1) that an x-ray stud 3 ' of the hj^drocarbon derived 
from phthiocerol bj’ reduction might give some clue to the nature of the 
chain. Thanks to the courtesy of Professor Anderson, it has now been 
possible to carrj’- out such an investigation. The formula CjiHto gives 
the best agreement vdth analj^sis of the hj’drocarbon (2) but the melting 
point, 58.5-59.5°, is lower than that of normal tetratriacontane, which is 
72.6-72.8° (3). As mixtures of normal hj'drocarbons of high molecular 
weight have melting points between those of the components (3), the 
low melting point cannot be explained on the assumption that the Iwdro- 
catbon is a mixture of normal chain homologues. The low melting point 
may be due to a branched chain or to the presence of some difficultly 
removable impurity. 

The x-ray investigation was carried out as follows: A thin laj^r of the 
substance (the specimen received had the appearance of a white powder) 
was melted onto a small glass slide bj' means of the hot wire technique of 
Bemal and Crowfoot (4) and examined in the usual manner (3), with 
nickel-filtered Cu K radiation. The diffraction pattern showed a single 
order of a long spacing of 44 ± 1.5 A. and two strong side spacings of 3.72 
and 4.14 A, respectively. The side spacings obtained are within the ex- 
perimental error (0.03 A.) identical with those given bj' the normal ortho- 
rhombic (A) form of normal long chain hydrocarbons (5, 6). Bunn (6) 
gives the spacings of the (200J and (110) planes for verj' long chain hj-dro- 
carbons m 3.696 and 4.106 A. respectivelj'. The fact that only a single 
order of the long (001) spacing appears shows that the material is impure.* 
As pure, saturated normal hydrocarbons do not darken when treated with 
concentrated sulfuric acid at 130° and such treatment is an effective way 
of purifiring normal hj'drocarbons (3), the compound was sulijectcd to this 
treatment. Considerable darkening occun-ed, however, and with the small 
amount available (12 mg.) it was not possible to recover aiij' purified 
material. It is thus evident that unsaturated or non-hj'drocarbon im- 

* In submitting the specimen Professor .\nderson stated that he was not quite sure 
about the purity of the hydrocarbon. 
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purities are present to some extent. I’lie long s[)aeing of '14 ± 1.5 A. cor- 
responds to the lengtli of a slraiglit liydrocarhon cliain having 32 to 34 
carbon atoms (3). As a branelied chain liydrocarhon would probably give 
larger side spacings than those observed and the hydrocarbon from phthio- 
cerol probablj' has 34 carbon atoms (2), the rc.sidts .suggest that the latter 
consists of impure n-tetratriaeontanc (or po.ssildy a mixture of close homo- 
logues Math a mean molecular weight corresponding to n-CstTIro). 

In order to carr}’ out a direct comparison with n-tctratriacontanc, a 
specimen of this hydrocarbon was prepared in this laboratory by Miss Gun 
Gustb6c bj' clcctrol 3 'zing an alcoholic solution of sodium stearate (7). 
The Imlrocarbon was purified bv treatment with sulfuric acid as above, 
followed b.v cri'stallization from cthjd ether. Piper and his collaborators 
(3) found that n-tetratriaeontane on heating .shows two transitions at 
69.2-69.4° .and 72.2°, respcctiveh*, and melts at 72.6-72.8°. The hydro- 
carbon ciystallizcs in two dififerent cr 3 'staUine modifications, one (.-V) with 
vertic.al and the other (C) with tilted chains. On ciystallization from 
solvents the C form is obtained. On heating, tin's form changes into A 
just below the melting point , and on cooling t he .V form remains. An x-my 
specimen prepared by means of the hot wire technique is therefore in the 
A form with vertical chains, which is convenient for comparison with the 
impure compound which evidently has vertical molecules. The stc.aric 
acid (Kahlbaum) used for the S3’nthcsis was not speci.alh' purified and 
our S3mthctic r-Cj^Hto will therefore contain 1 to 2 per cent of r-CjjHm 
and n-CaoHe-, owing to the palmitic acid present (S), but this will affect 
the melting point and the long sjjacing to a degree negligible for the present 
purpose (3). The specimen melted at 72.0-72.8° and the diffraction 
p.attern showed seven or eight clear orders of a long spacing of 45.2 ± 0.5 A. 
and two strong side spacings of 3.71 and 4.13 A. respectively. The lengths 
of the a and b axes calculated from the side spacings arc 7.42 and 4.96 A. 
respcctivebv. The corrcsiionding values given b 3 ' Miillcr (5) for n-CjiIlTo 
Jit room tcmpcr.ature are 7.40 and 4.95 A. Piper cl al. (3) give the long 
spacing of the A form as 45.5 A. A direct comparison with the In'dro- 
caj’bon from phthioccrol was carried out b 3 ’ preparing thin l.a 3 'ers of both 
compounds, one alongside the other, on the same glass slide b 3 ' means of 
the hot wire technique. On the photographic film the diffraction pattern 
of the synthetic specimen appeared just above that of the other. The 
first order of the long spacing of the S3'nthetic lu’drocarbon was found 
to coincide (within 0.5 A.) with the single order of the long spacing of the 
hydrocarbon from phthioccrol and the side spacings were identical. The 
x-r.a 3 ’' results thus suggest that the parent h 3 ’’drocarbon of phthioccrol is 
a normal chain h 3 ’-drocarbon, probabb’^ ?i-tctratriacontanc. These results 
are in agreement with the conclusions arrived at during the monola 3 ’er 
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study (1) and, if correct, decide between the two alternative formulas 
for phthiocerol itself put forward by Stodola and Anderson (2), i.e. 
CkH 69(OH).OCH3 or C 3 iH{ 7 (OH)iOCH 3 , in favor of the latter. 

1 am indebted to Mr. "W. Kirsten for taking the x-ray photographs and 
to the Rockefeller Foimdation and the Swedish National Association 
against Tuberculosis for financial help. 
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SOME EFFECTS OF THE INTRA\TBNOUS INJECTION OF CORN 
GLYCOGEN INTO RABBITS* 

Br DANIEL LUZON MORRIS 
{From the Putney School, Putney, Vermont) 

(Received for publication, March 2, 1943) 

Although glycogen has long been recognized as the chief form in which 
carbohydrates are stored in the animal body, it has been chemically a 
comparative rarity. Despite its importance and almost universal oc- 
currence, relatively few physiological experiments with the substance 
itself have been recorded, and the simple consideration of price has pre- 
vented any possibility of its clinical use. Recently a polysaccharide has 
been isolated from sweet com (Zea mays), the properties of which seem to 
agree throughout with those of animal glycogen (1, 2). The concentration 
of the material in com is high, being of tbe order of one-eighth of the dry- 
weight of the grain, and it is rather easily obtainable in a high state of 
purity, possibly more nearly nitrogen-free than animal glycogen can be 
prepared (3). Physiological investigation of this material seemed urgently 
indicated, with the practical possibility of clinical use in mind. 

Glycogen has certain properties unique among chemical compounds. 
Like starch and cellulose, it has a high molecular -weight; recent estimates 
are m the neighborhood of 2 milli on. But, unlike these polysaccharides, 
it is highly soluble in water, and shows no tendency to precipitate or “retro- 
grade” ivith time. The molecule is composed of nothing but glucose units, 
linked in the a configuration, and is readily broken down, at least to half 
its original size (4), b}’^ the diastases which are present in nearly every li-ving 
cell. The immediate breakdown products are dextrins, maltose, and glu- 
cose, and the dextrins and maltose may be further degraded to glucose. 

These properties make it desirable to consider the possibility of injecting 
glycogen directly into the blood stream. The molecule is so large that 
diffusion of the unchanged substance through the walls of the blood vessels 
vould be slow. There is an active diastase in blood, which will break 
aov\'n glycogen more or less rapidly to set free glucose. And finally, glj'- 
cogen as a physiological constituent of the body is presumably non-toxic, 
n any case it has been claimed to be present in small amounts in normal 
food {e.y. (5))j though some -workers have doubted that the polysac- 
charide in blood is actually glycogen (6). 

Staub and his coworkers have conducted extensive studies both on 
normal blood glycogen levels and on the effects of intravenouslj' injected 

Aided by a grant from Mead Johnson and Company. 

699 



700 


INJECTION* OF COUN GEYCOOEN 


glycogen. They have reported that glycogen i.s quickly dc.stroyctl by 
blood both in vitro and in vivo. The quantitative reaultK of some of their 
experiments seem open to ciuestion, since it appears that their only pre- 
caution against errors due to change.s in the composition of blood-glycogen 
mixtures was to allow definite time intervals between t he collection of blood 
and its analysis (7). Staub, Mezey, and Golandas (8), reporting on blood 
sugar effects from two experiments on rabbits, found a large increase 3 
minutes after glycogen injection, followed by a gradual decline. Blood 
sugar effects in dogs were not studied beyond the first half hour. The 
principal interest of these workers was in the histological effects in the 
blood; they reported a droji in wliitc cell count within 3 minutes to values 
of the order of 1000, with virtual disappearance of granulocytes, followed 
by a rise to normal after a few hour.s. They believe that the white cells 
adsorb or ingest the injected glycogen, and then stick for a time in the 
capillaries of the lungs. They report, no toxic effects whatever in rabbits 
or dogs. Mann (9) has studied the effect of intravenous glycogen in hepa- 
tcctomized dogs, and found that its effect on the blood sugar is the same 
as that of glucose. This fits in well with the fact that the blood diastase 
value in dogs is verj’ high indeed, though obviously the hcpatcctomy may 
have affected this. 

The present work is concerned with blootl sugar and blood glycogen 
levels after addition of coni glycogen to blood both in vitro aiul in vivo. 

EXFEIUME.NT.M, 

Preparation of Glycogen — The glycogen wa.s pi-ejiarcd from Golden 
Bantam sweet corn by essentially the .‘;ame methods described earlier (1). 
It was purified by treatment with hot 40 jier cent sodium hydroxide. 

j\Ielhods for Determination of Blood Sugar and Blood Glycogen — In the 
course of the work a number of blood sugar methods have been used. 
That used first was Folin’s micro colorimetric method based on fcrricyanide 
reduction (10) ; later, copper reduction methods were used, with the Shaffer- 
Somogyi reagents. For the latter the blood has been deproteinized with 
zinc hydroxide (11) or copper sulfate and sodium tungstate (12). In cases 
in uhich the different methods were compared, little essential difference 
in the results was observed. The Folin method gave values about 13 mg. 
pel cent higher than those obtained by copper reduction after dcprotcini- 
zation uith zinc. Deproteinization with copper and tungstate gave values 
5 to 7 mg. per cent Iiigher than those found when zinc was used. 

The most satisfactory method for the determination of blood glycogen 
was the following. 0.5 cc. of blood is added to 2 cc. of 30 per cent potas- 
sium hy(^'oxide solution in a 15 cc. centrifuge tube, and immediately 
mixe . he alkali prevents enzyme action, and it is not necessaiy to 
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proceed with the next steps at once if not convenient. The tube is covered 
vrith a glass bulb or marble and placed in boiling water for 20 minutes, 
being shaken once after 5 minutes. After it has been cooled, 0.2 cc. of 10 
per cent potassium sulfate solution is added, followed by 3.2 cc. of alcohol. 
The contents of the tube are mixed with a thin glass rod, cautiouslj^ heated 
in boiling water until the alcohol begins to boil, and cooled. The mixture 
is then centrifuged for 5 to 10 min utes. This precipitates the glycogen 
together with some potassium sulfate and protein decomposition products. 
The supernatant solution is poured off, the tube drained, and the precipitate 
dissolved in 1.5 cc. of hot water. The imxture is neutralized with 1 or 2 
drops of 2 N sulfuric acid (a flocculent precipitate appears when the solution 


IS neutral) and an equal volume (1.7 cc.) of 2 x sulfuric acid is then added. 
The tube is again covered and heated at 100° for 2.5 to 3 hours in order to 
hj'drolyze the glycogen. The solution is neutralized to phenol red with 
1 X sodium hydroxide, made to 10 or 25 cc., and filtered. Glucose is deter- 
niined in appropriate aliquots. The method is essentially that of Blather- 
inck el al. (13), with a modification based on a suggestion of Genkin (14). 
The Blatherwick method alone tended to give erratic results, sometimes 
verj' low, whereas the Russian method required an excessive length of 
time in the centrifuge to precipitate all the glycogen. 

Glycogen and Blood in Vitro — ^Preliminarj’’ experiments showed that 
blood-glycogen mixtures change composition rapidly, and experiments were 
accordingly carried out to determine the effect of temperature on these 
changes. 1 volume of 10 per cent glj’^cogen solution was added to 10 vol- 
umes of oxalated blood that had been brought to the selected temperature 
m a thermostat. Samples were withdrawn from time to time for the deter- 
mmation of sugar and of glycogen. The temperatures used were 0-1° 
(ice water), 25°, and 40°. For the dete rmin ations at 40° sufiBcient sodium 
fluoride was added to the original saline solution to make the concentration 
ui the reaction mixture about 0.03 per cent. Controls showed that this 
prevented the destruction of blood sugar. Tj^pical results of these e.xperi- 
ments are given in Table I. It is clear that the destruction of gljxogen is 
1 ery rapid at 40°, but is still considerable even at 0°. The sugar increase is 
small compared to the glycogen decrease in aU cases, and at 0° is negligible 


O' er a 30 minute period. 

Blood Sugar after Intravenous Glycogen Injection — ^.A 20 per cent solution 
of glycogen in phj'siological saline solution was prepared, filtered, and 
sterilized by being heated at 100° for 30 minutes; 15 cc. of this solution 
^ere mjected into the marginal ear vein of a fasting rabbit weighing 5 to 
•ulos (5 cc. in the case of two animals weighing 2 kilos). The injection 
wuld be completed in about 3 minute, with the use of a No. 22 needle, 
ime Was measured from the end of the injection. At intervals blood 
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from a cut in the marginal vein of the other car was allowed to fall onto 
dry sodium oxalate in a test-tube immersed in ice Avater. As quickly as 
possible 0.5 cc. of this blood was transferred to potassium hydroxide 
solution for glycogen determination, and 1 cc. to the reagents for sugar 
determination. When the coppcr-timgstate reagents were u.scd for de- 
protcinization, the blood Avas lakcd in ice-cold Avater before the addition of 
copper sulfate; in the other eases the mixtures Avere so dilute or so highly 
acid that this precaution Avas considered unncccs.'^aiT. 

Blood samples Averc usually taken at 20 to 30 minute intervals for the 
first hour or so, and then at -15 to GO minute intervals. The blood sugar re- 
sults from fourteen experiments Avith six rabbits are shown in Figs. 1 and 2. 


TAnt.K I 

Changes in Sugar and Glycogen Conical of Blood after Addition of 1 Volume of 10 Per 
Cent Glycogen to 10 Volumes of Blood in Vitro at Temperatures Indicated 



0 

• 

25* 

40* 


SuKaf* 

Glycofjen 

Sucjr* 1 

1 Glycogen 

Sujrar* 

Glycogen 

fnifi. 

mt. f^r cent 

nt. «• 

( 

fnf. f'cr cent | 

I wf. fer cc. 

r%t. fet cent 

rif. per cc. 

2 

no 

0.17 

100 

• 8.27 

121 

8.10 

5 

117 

S.SO 

100 1 

• 7. SO 

140 

7.32 

10 



115 j 

7.15 

159 

0.40 

15 



123 1 

0.82 

102 

5.53 

20 



120 1 

0.00 

210 

4.75 

25 

120 

8,-13 

137 1 

0.53 

230 

4.24 

30 

121 

8.15 

140 

j 0.49 

240 

3.99 


* Cnlcul.ated as glucose. 


The broken line shoAvs the fasting Ioa’cI in each case, for conA’cnient com- 
parison. It Avill be seen that in all but tAvo eases the blood sugar remained 
above the fasting level for more than 3 horn’s, and in most cases for 5 or 
more. It appears that in the 1st hour there is a rapid, but not instantane- 
ous, rise AA’hich reaches a rounded maximum at 15 to 40 minutes, folloAved by 
a rather rapid fall Avhich ends at about the 2nd hour, and a more gradual 
and irregular fall subsequently. The maximum is from 30 to GO mg. per 
cent aboA'e the fasting level. The cui’A'cs are A’aried in shape, and no 
constancy Avas observed in results from the same animal at different times. 

Not shoAvn here are the results of seven other experiments. Tavo early 
e.xperiments are omitted because of insufficient data, and poorly developed 
technique. Tavo others Avere essentially normal except that the “fasting” 
leA'el Avas above 130 mg. per cent at tlic start of the experiment. Three, 
on one rabbit (No. 1), Avere discarded because the blood picture AA’as no 
longer normal; the fasting sugar Avas high (120 to 140 mg. per cent) and 
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injected glucose iras not eliminated at the normal rate (see a later section 
of this paper). After injection of glj’cogen in this animal the first rise 
in blood sugar ivas normal, but after the start of the decline there iras a 



Fig. 1. Blood sugar after ^ycogen injection. In Rgs. 1 and 2 all the rabbits were 
males weighing 5 to 6 Idlos except those in Experiments 13 and 14, which were females 
Weighing 2 kilos. Blood sugar was determined by Folin’s method in Experiments 1, 
1 3, 4, and 6; by Somogyi’s method in the rest. The ordinate scales represent mg. of 
Eu^ per 100 cc.; the abscissa scales, time in hours. The base-line is 60 mg. per cent 
in Experiments 4 and 8; 80 mg. per cent in the others. The broken line shows the 
fasting level. 


^dden increase to values of 200 mg. per cent or higher, with a very slow 
decrease. 

. Glycogen after Glycogen Injection — Blood glycogen was determined 
in nine experiments. The results, as given in Table 11 for two tj"pical 
rabbits, were much more consistent than were the blood sugar curves. 
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Fig. 2. Blood sugar after glycogen injection. See Fig. 1 for tbo e.xplanation 

Table II 


Glycogen Content of Blood after about S Gm. of Glycogen Arc Injected Intravenously into 

Txdo 6 to 6 Kilo Rabbits 


Time 

Gl>*cogea 

min. 

tttg. per ce. 

CTf. ftr K. 

10 

5.00 

4.85 

30 

3.60 

2.60 

60 

1.05 

0.57 

90 

0.20 

0.22 

120 

0.13 

0.17 


Normal blood glycogen levels were reached after 1.5 to 2 hours. The ex- 
ceptions were the two e.xperiments with 2 kilo rabbits, in which the glycogen 
reached normal levels at the end of 1 hour. 
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Disappearance of Intravenously Injected Glucose — Glucose was injected 
as a 20 per cent solution in saline, in order to compare its action wdtli that 
of glycogen. Usually 2 gm. were used in the large rabbits. Tj^pical blood 
sugar data are given in Table III. The glucose almost invariably dis- 
appeared in about 2 hours, and the sugar level then dropped a trifle below 
the original fasting level. A cun'e of the type given by these data, and a 
blood diastase level of 250 to 400 on Somogjd’s scale (15), were taken as 
criteria of a normal blood picture. 

Table III 


Glucose Content of Blood after Intravenous Injection of B Gm. of Glucose in 
Ttco S to 6 Kilo Rabbits 


Hme 

Glucose 

hrs. 

m/. ftf etnt 

fyif. per cent 

Fasting 

104 

86 

0.2 

264 

196 

1 

158 

137 

2 

112 

86 

3 

89 

78 

4 

87 



DISCUSSION 

The fact that blood sugar in rabbits remains somewhat above normal 
for a considerable time after all the injected glycogen has disappeared 
penmts of two interpretations. First, it is conceivable that some of the 
breakdown products of the glycogen leave the blood stream and are stored 
somewhere in the organism, possibly as glycogen, which is again mobilized 
later on. However, it seems unlikely that stores of this sort would be 
more effective in maintaining high blood sugar than are the normal stores. 
A second interpretation gains support from the experiments in vitro. At 
40 about 25 per cent of the gli’cogen destroyed was converted to sugar, at 
25 the conversion came to only about 10 per cent, and at 0° to about 5 
per cent. It can therefore be inferred that there are two separate reac- 
tions, glycogen destruction and sugar formation, wth different tempera- 
ture coefficients. This would make it seem likely that in the li\Tng 
^imal an alkali-labile dextrin (therefore not determinable with the glyco- 
gen) is formed in the blood and is rather slowly' broken doivm to form sugar 
long after the glycogen itself has disappeared. 

The results of the experiments reported here give encouragement to 
the idea that intravenous glycogen may be clinically' useful. Blood diastase 
lei els in humans are lower than those in rabbits, and it is therefore likely 
that the glycogen will be more slowly broken down, that the first, peak in 
the blood sugar curve will be less pronounced, and that the blood sugar 
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elevation will be more prolongofl. It is thus possiljle that in eases of hypo- 
gl^'cemia due to shock or other causes it may bn firacticablc to use a large 
injection of glycogen at an emergency station when the more usual slow 
glucose injection would bo impracticable owing to lack of time or space. 

SU.MMAUV 

The injection of corn glycogen intravenoush' in fasting rabbits results 
in an elevation of the blood sugar for a period of 5 hours or more in most 
eases. The gl 3 'cogcn itself is dcstroj-cd within 2 hours. 

It is suggested that a dextrin is formed in the blood as an intermediate 
wdiich is slowlj' broken down to form sugar. 

The possibilitj' of clinieal use of corn glycogen is considered. 
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THE DETERMINATION OF FLAVONES OR QUERCETIN-LIKE 
SUBSTANCES IN CERTAIN NATURALLY OCCURRING 
PRODUCTS 

Bt LbROY S. WEATHERBY and AMBER L. S. CHENG 
{From the Univertity of Southern California, Los Anyeles) 

(Received for publication, March 2, 1943) 

The quantitative method developed by Wilson, AVeatherby, and Bock 
(5) for the determination of quercetin, or certain quercetin-like substances, 
to which the name “quercetin equivalent” was given, has made possible 
the determination of these substances in naturally occurring products. 
The importance of such determination arises from the emphasis placed 
on the flavone content bj' Bentsath, Ruszny^, and S2ent-Gy6i^ (1), 
Kugehnass (3), Scarborough (4), and others who claim that compounds 
of this nature are necessary as an adjunct to vitamin C to prevent perme- 
ability or fra^itj' of the capillary walls. The terms citrin, permeability 
factor, and vitamin P have been applied to these compounds. 

Method 

In this method the dried sample is extracted with methyl alcohol, the 
alcohol is evaporated, chlorophyll and other interfering substances ar 
removed by extraction with chloroform, and the residue is taken up in 
100 ml. of acetone. Varying volumes of this extract are made up to defi- 
nite volume with the boric-citric acid reagent, comprising equal volumes 
of a solution of 100 ml. of anhydrous acetone containing 10 gm. of anhy- 
drous citric acid and a solution of 100 ml. of anhydrous acetone saturated 
■"ith boric acid. A yellow color is developed through the action of the 
boric acid on the flavones present, the depth of which is determined by 
means of a photoelectric colorimeter with a blue filter. The absorption 
by the test solution in the citric acid solution alone is first measured, and 
the difference between this reading and the reading when the boric acid 
IS present gives the absorption due to the color formed by the boric acid 
roacting with the flavone. The quercetin equivalent is then ascertained 
reference to a curve previously established with pure quercetin. 

The substances tested were (a) cauliflower, lettuce, spinach, grapefruit 
peel, orange peel, lemon peel; (6) petals of white, yellow, and red roses. 

The vegetables were washed and drained overnight, then cut into small 

rogments. The petals were pulled from the flowers, and dned in the air 
O'emight. The citrus peel was thin slices of the outer rind. Portions 
of these prepared products were dried in a vacuum oven at 60° to constant 
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weight, .iftcr wiiicli ihoy wore removed, ground to a fine powder, and placed 
again in the oven for several hours. 

Taiii.i: I 

Quercrlin Determination (Data anil Itcnnlt.i) 


Substance and treiebt 


Cauliflower, dry, G-fiO gin. 


Scale reailinKi 
Volume . 

oI j I 

Iloric. Citric- Net ! From 
ini.cn cjtfic acetone rcarlin.-; i erap!i 


QiietCftin dtuivalent 


1 nry 



i etc. tfc I etc. fer rt;. fee 


Head lettuce; fresh ,-180.'} gin. , 
drj’, S.O-'j gin. 

Grapefruit peel, fresli, 2S..'iO 
gm.; dry, C.9-1 gm. 


Spinach leaf, fresh, .37.00 gm.; 
dry, 3.94 gm. 


Orange peel, fresh, 22.40 gm. 
dry, 0.32 gm.* 


Lemon peel, fresh, S.03 gm.; 
dry, 2.35 gm. 


White rose petals (Caledonia), ' 
fresh, SS.29 gm.; dr 3 % 
O.IS gm. 

Yellow rose petals (Mme. P. 

S . du Pon t) , fresh , 42.73 gm . ; 
drj', 5.01 gm. 

Red rose petals (Victoria Har- 
rington), fresh, 33.01 gm.; 
dry, 0.01 gm. 


0.1 4S 
0.2 87 
0.3 124 
0.4 101 



0.10 
0.15 
0.1.5 j 

0.15 0.15 0.030 


0.19 
0.19 
21.3 j O.IS 


0.17 O.IS 0.019 
0.20 


0.27 
51.0 1 0.27 


07.5 0.27 0.27 0.070 

15.2 0.5 


145 
32 

04 

94 

124 
39 
73 

95 
131 

32 

05 
9S 

125 
50 

117 
16S 

223 1103.5 I 4.3 


IS. 4 

3.0 

34.0 

2.S 

40.0 

2.5 

00.0 

2.4 

15.5 

2.S 

31.0 

2.S 


* The variation of the quercetin equivalent of orange peel with maturity is 
under investigation. 

Suitable sized samples of these powdered products were then e.vtracted 
and the quercetin equivalent determined udth results as shown in Table I. 
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DISCUSSION' 

The colorless vegetable, as might be expected, showed no flavone. The 
green of the lettuce leaves is probably due to chlorophyll. The relativelj' 
high value given b 3 ’ the red rose substantiates the statement bj' Kiirrer 
(2) that red roses are a source of quercetin. The highlj' pigmented j'ellow 
lemon peel gave bj' far the highest quercetin equivalent. It is to be noted 
that lemon peel is stated to be a prime source of citrin, or the permeabilitj’ 
factor or vitamin P of Szent-Gyorgj’i. 

SUMMARY 

The flavone content of cei-tain substances of plant origin was determined 
according to the method of Wilson, Weatherbj', and Bock for the deter- 
mination of quercetin-like substances with results as shown in the final 
column of Table I. Lemon peel, as in the prc\'ious investigation (5), 
ranked highest among the substances tested. 
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AIMPEROMETRIC TITRATION OF PICROLONIC ACID AND 
INDIRECT VOLIEMETRIC DETERMINATION OF CALCIUM 
BY PRECIPITATION AS PICROLONATE AND BACK TITRA- 
TION OF THE EXCESS OF PICROLONIC ACID WITH METH- 
YLENE BLUE 

Bt GUNTHER COHN and I. M. KOLTHOFF 
(From the School of Chemistry, University of Minnesota, Minneapolis) 

(Received for publication, March 25, 1943) 

BoUiger baa made analj’tical studies of the reactions between methylene 
blue and picric acid (1), picrolonic acid (2), and several other aromatic 
nitrophenols (3). The two acids and some dimtrohydroig’' compounds 
could be determined quantitatively by titration ■with methylene^ blue. 
For analj'tical purposes only picric acid and picrolonic acid were considered 
practicable (4). We were able to confirm the latter statement.* BoUiger 
titrated picric or picrolonic acid with methylene blue with removal of the 
precipitated methylene blue picrate (or picrolonate) from the aqueous 
solution by extraction with chloroform, in which these salts are readily 
soluble. The titration was carried out in a phosphate buffer or in the 
presence of some calcium carbonate. The end-point is reached when the 
chloroform fails to remove the blue-green color formed in the aqueous 
solution upon addition of methylene blue. Since methylene blue picrate 
and picrolonate are markedly soluble in water, the chloroform must be 
replaced frequently in a titration, and near the end-point it must be 
removed several times after each smaU addition of titration liquid imtil 
it remains practicaUy colorless upon being shaken with the aqueous phase. 

Later CastigUoni (5) found that the basic dyes safranine, chrysoidine, 
and auramine formed precipitates with picric acid and could be determined 
in a corresponding manner. 

BoUiger applied his titration method to the indirect determination^ of 
several constituents. Potassium (1, 6) was determined b3' precipitation 
as the perchlorate; the precipitated perchlorate was converted into methj 1- 
ene blue perchlorate and the excess of methylene blue was titrated back. 
Calcium (7), magnesium (8), and organic bases (2) were precipitated as 

* We investigated the behavior of various nitro compounds with methylene blue. 
A precipitate was formed when methylene blue was added to the followmg sub- 
stances, 4,6-dinitrotoluene-2-sodium sulfonate, l-nitronaphthalene-3,7-disulfomc 
ficid, 2,6-diiiitrohydrociuiiione-4-inoiioacetate. These precipitates were soiub e ifl 
chloroform, but the solubility of the salts in water was too great to allow quantitative 
determination. 
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picrolonatos and the cxco.'^s of the precipitating agent used was titrated 
back after removal of the precipitates. 

In view of tlic significance of picrolonic acid as a precipitating agent for 
calcium, tlioriuni, lend, and for organic bases we have investigated the 
possibility of titrating picrolonic acid witli methylene blue amperometri- 
cally. In ampcromctric titrations the reaction product need not be 
removed, and the large consumiition of eliloroform which is required in 
the titration according to Bolliger is avoided. We also investigated the 
indirect detennination of calcium b\’ Bolligcr’.s method and found it to 
give good results [wovided a possilde source of error is eliminated. 

Reagents — 

A 0.01 M stock solution of picrolonic acid was prepared as described in a 
previous paper (9). 

0.01 .M and 0.001 m solutions of methylene blue chloride were prepared by 
making up 3.74 and 0.374 gm. rc.spcctively, of Coleman and Bell’s 
“meth 3 ’'lenc blue chloride for bacilli” (Ci{ITi5XjSCI-3H;0) in water to 
1 liter. 

Polarography of Methylene Blue — The polnrography of picrolonic acid 
and the characteristics of the capillary* \iscd have already been described 
(9). In the present paper the polarographic bcha\*ior of mcth.vlcne blue 
is reported only in connection with its use as a reagent in the ampcromctric 
titration of picrolonic acid. In Fig. 1 polarograms arc sho\ni of methylene 
blue chloride in a bufTor which was about 0.1 M in acetic acid, 0.0125 m 
in lithium acetate, and 0.1 m in lithium chloride at 20°. Curv'c E which 
refers to a 0.00091 .m solution of the dj'c shows that methjdcnc blue gives 
one wave wth a well defined diffusion current at an applied voltage (Fa) 
of 0.3 volt (Eenthodo 0.2 volt versus the saturated calomel electrode), the 
half wave potential at this particular pH being —0.07 volt {versus the 
saturated calomel electrode). Apparcntlj' the reduction of methj’lene 
blue involves 2 electrons yielding Icucomcthj’lene blue (10). This was 
also shown bj’’ the fact that the diffusion current of methjdcne blue was of 
the same order of magnitude as the diffusion current of an equimolar 
cadmium solution under the same conditions. From Curve E it is evddent 
that methylene blue is easily determined inth the dropping mercurj’^ 
electrode. 

Curve A in Fig. 1 represents the residual current of the buffer medium. 
The discharge of hydrogen ions began at an applied e.m.f. (Ea) of about 1.5 
volts. Wlien 5 X 10~® m methylene blue was present in the buffer solution, 
this discharge started at Ea 1.34 volts, and its beginning was shifted to 
more positive values with increasing methylene blue concentrations. In 
the 0.00091 M methylene blue solution the hj'drogen discharge began at 
about Ea 1.05 volts. Evidently methylene blue diminishes the over- 
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voltage of hydrogen on mercuiy considerablj-. This should be taken into 
consideration in the use of methj’lene blue as maximum suppressor. 

Amperometric Tilrations — The amperometric titrations of picrolonic 
acid with methj’lene blue were carried out bj' adding the 0.01 jr methj’lene 
blue solution from a micro burette to solutions of picrolonic acid in a buffer 
solution which was 0.1 m in acetic acid, 0.0125 Ji in lithium acetate, and 



Fig. 1. Polarograms of methylene blue. Curve A, 0.1 M acetic acid, 0.0125 M 
Li.\c, 0.1 M LiCI (residual current); Curve B, same t 5 X 10”^ it methylene blue 
chloride; Curve C, same + 1.5 X 10“* m methylene blue chloride; Curve D, same + 
4.SX 10~‘ u methylene blue chloride; Curve E, 0.91 X 10“’ ii methylene blue chloride, 
0.091 51 acetic acid, 0.0114 it Li.4c, 0.091 Ji LiCl. The values are not corrected for 
residual current. Cathode potential versus saturated calomel electrode, 0.1 volt 
smaller than the applied potential. 

0.1 M in lithium chloride. The voltage applied between the dropping 
uiercurj’ electrode and the mercutj’ pool anode was 0.3. This voltage is 
smaller than that at which the first wave of picrolonic acid starts (9), 
but is large enough to j’ield the diffusion current of methj’lene blue. 
Kitrogen tvas passed through the solution in order to remove o.xj’gen and 
stir the mixtures. The stirring is essential because methj’lene blue, re- 
spectivelj’ methj’lene blue picrolonate, causes considerable foam which 
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might prevent proper mixing of methylene bine froj'hly ncldccl during the 
titration. The temperature during the titrations va.s 20”. Table I gives 
the results of the amperornetric litmfion.s. Ilefore the end-point the 
current remains equal to the residual current and is practically constant. 
After the end-point is reacluHl, the current, which is equal to the diffusion 


Tajii.i: I 

Amperornetric Titrations of Picrolonic Acid tcith Methylene Blue 


MoUrity of 10 ml. 
picrolonic acid u<cd 

1 Methylene Muc uvd 

>roUrity of methylene blue 
lolution found 


1 

ml. 


0.002 

1.90 

0.01052 

0.002 

1.91 

0.01017 

0.001 1 

0.95 

0.01052 

0.002 

1.89 

0.0105S 

0.001 1 

0.95 

0.01052 

Average 

0.0105 





Fig. 2. Titration of 10 ml. of 0.001 m picrolonic acid in 0.1 .M LiCI, 0.1 m acetic acid, 
and 0.0125 m LiAc with 0.0105 m methylene blue chloride. E^, 0.3 volt. Correction 
was applied for dilution. 

current of methylene blue, increases linearly with the e.xcess of dye added. 
As a demonstration, the data obtained in the titration of 10 ml. of 0.001 M 
picrolonic acid with 0.0105 m methjdene blue are given in Fig. 2. The 
values of the current have been corrected for the dilution effect. 

From Table I it is evident that the titration gives satisfactory results. 
The methylene blue solution which w'as prepared, assuming the dj’^e to 
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contain 3 molecules of water, was somewhat more concentrated than 
calculated; namely, 0.0105 m. 

Procedure for Amperometric Titration of Picrolonic Acid — To 10 ml. of 
0.001 to 0.005 M picrolonic acid solution in the titration ceU is added 1 ml. 
of buffer solution which is 1 m in acetic acid, 0.125 m in lithium acetate, 
and 1 M in lithium chloride. Mercury is added to the cell to sen'e as 
anode. Oxygen is removed bj' passing hydrogen or nitrogen through the 
solution. The picrolonic acid is titrated amperometrically at room tem- 
perature at an applied e.m.f. of 0.3 volt ndth 0.01 m methylene blue chloride 
solution, which is added from a micro burette. After each addition of 
methylene blue, hydrogen or nitrogen is passed through the liquid for 1 
minute in order to stir the mixture and to remove oxj'gen. The end-point 


Table II 

Extraction Titrations of Picrolonic Acid with Methylene Blue 


Amount of picrolonic acid uicd 

Methylene blue used 

Molarity of methylene blue 
solution found 


tnt. 


2 ml. 0.005 u 

9.38 

0.001069 

2 “ O.OOS" 

9.36 

0.001071 

5 " 0.002" 

9.38 

0.001069 

5 “ 0.002" 

9.34 

0.001073 

5 “ 0.002274 m 

10.6 

0.001072 

10 “ 0.001137" 

10.7 

0.001062 

Averaee 

0.00107 

— • 



The error of a eingle detormination was about 0.5 per cent. 


is found graphically, a correction for dilution (11) being applied. The 
methylene blue solution is standardized in the same waj' with picrolonic 
3cid of known strength. The strength of the picrolonic acid solution is 
determined by titration vdth standard sodium hydroxide, phenolphthalein 
being used as indicator (9). 

The precision of the titration is at least as good as in Bolliger’s procedure. 
This is shown by the titrations recorded in Table II which were carried out 
according to BoUiger with the 0.001 m standard solution of methylene blue. 
This solution was found to be 0.00107 m. This concentration is relatively 
2 per cent greater than that of the 0.01 m standard solution. We did not 
attempt to find the cause of the difference in results between the two 
Solutions. In the titrations given in Table II chloroform was used as the 
extracting agent. We found that the consumption of solvent is somewhat 
reduced when ethylene dichloride is used instead of chloroform. The 
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former removes the reaction product more completely from the aqueous 
solution and, therefore, docs not need to la; replaced so frequently. 

Procedure for Titration of Picrolomc Acid inith Methylene Blue — The 
procedure which we recommend is c.«scnlially the .same as that of Bolligcr. 
To 20 to 30 ml. of chloroform (or ethylene dichlorido) in a .separatory funnel 
2 to 10 ml. of 0.001 to O.OOo m picrolonic acid arc added and 2 ml. of an 
acetate or phosphate hulTer of between pll •! and S. The picrolonic acid 
is titrated with 0.001 m methylene hlue chloride. After the concentration 
of picrolonic acid has been determined roughly by a preliminary titration, 
an amount of methylene blue is added which is about 1 to 2 ml. smaller 
than the total amount required. The methylene blue picrolonatc is 
extracted with 20 ml. portions of chloroform until the freshly added 
chloroform remains colorless. The titration is finished by adding each 
time about 0.15 ml. of methylene blue solution and c.xtracting the 
blue-green product from the aqueous .solution with 20 ml. portions of 
chloroform (two arc usually sufficient). The end-point is reached when 
the chloroform fails to remove the blue color from the aqueous solution. 
The methylene blue solution is sUindardizcd in the same way with a picro- 
lonic acid solution of known strength. WHicn ethylene dichlorido is used 
as the solvent, less is needed than of chloroform for the quantitative 
removal of the reaction product. 

Determination of Calcium hy Precipitation u'ith Excess of Picrolonic Acid 
and Back Titration of Reagent — Attempts were made to determine calcium 
by precipitation with an excess of picrolonic acid and b}’ titrating back the 
residual picrolonic acid in the filtrate with methylene blue. The precipita- 
tions were carried out according to the ])roccduro described in a previous 
paper (9) and not according to that of Bolligcr (7). The excess of picro- 
lonic acid in aliquot parts of the filtrate was titrated back both ampero- 
metricallj" and bj"^ the chloroform procedure. Pemistently high calcium 
values were found by either method. AVlnle the relative error varied 
considerably mth the calcium concentrations, it was found that the error 
expressed in the excess of picrolonic acid removed was rather constant 
and equal to 4 to 6 micromoles. 

Systematic investigation showed that this error was due to adsorption 
of picrolonic acid on filter paper. In Fig. 3 are shown results of adsorption 
measurements vdth Wliatman filter paper No. 40 (White Band), which had 
been dried to constant weight at 115°. The adsorption was measured by 
determining the decrease of the diffusion current after the filter paper was 
added to a given volume of picrolonic acid in the polarographic cell. In 
order to establish equilibrium the solutions were stirred bj' passing hj'dro- 
gen through. From the shape of the curve in Fig. 3 it can be inferred that 
the surface of the cellulose is not yet saturated when in equilibrium \nth a 
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saturated solution of picrolonic acid (about 0.01 ii). The adsorption is 
reversible, and the picrolonic acid can be removed from the paper upon 
repeated washing uith water. 



Fig. 3. Adsorption of picrolonic acid on filter paper at 20° 


Tabix III 

hilemitnafion of Calcium by Precipitation with Excess of Picrolonic Acid (See (fi)) 
and Titration of 0 Ml. of Supernatant Liquid with 1.07 X 10~^ it Methylene 
Blue Chloride 

Buffer used in precipitation, 3 ml. of 1 m acetic acid, 0.125 u LiAc, and 1 ii LiCl. 


Amount of calcium 
taken 

Amount of 0.01154 u 
picrolonic acid added 

Methylene blue used 

Amount of picrolonic add left in solution 


... 

ml. 


25 ml. 0.001004 m 

8 

11.35 

1.19 X 10“* M = 42.8 micromoles 

25" 0.001004“ 

8 

11.25 

1.18 X 10-’" = 42.5 “ 

25 " 0.00251 “ 

17 

14.0 

1,505X 10-»“ = 67.7 

25 " 0.00251 " 

17 

14.2 

1.52 X 10-» " = 68.4 

25 “ 0.00251 “ 

15 

10.85 

1.16 X 10-' “ = 48.4 

10 “ 0.01004 “ 

25 

19.9 

2,15 X 10-' •• = 81.6 


Caldnm 
picrolomite 
^ptd. as 
micromoles 
picrolonic 
acid 




50.21 

50.2 

125.5 

125.5 

125.5 

200.8 


Ptr 

cent 
49.5{-1.4 
49.8-0.8 
128.3+2.2 
127.6+1.7 
124.6-0.7 
'206.9 +3.0 


en filtered through sintered glass crucibles, no adsorption of picrolonic 
occurs and calcium can be determined indirectlj'. In Table III results 
va cium determmations are given in which the excess of picrolonic acid 
t^^ '"'ith methylene blue by the chloroform method. It is seen 

^t satisfactorj' results are obtained. Concerning the mode of precipita- 
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tion and interference by other constituents, reference is made to a previous 
publication (9). After complete precipitation the cooled mixture is filtered 
through a Jena G4 sintered glass crucible, the filtrate Iirought to room 
temperature, and an aliquot part used for the titration. 

From the practical view-point the direct polarographic method (9) 
is more advantageous, since no filtration is required. The simple determi- 
nation of the diffusion current of the residual picrolonic acid is more 
suitable in routine analysis. 

Acknowledgment is made to the Carnegie Corporation of New York 
for a grant which enabled the authors to carry out the present investigation. 

SUM.^^AnY 

1. A method is described for the determination of picrolonic acid by 
amperometric titration with methylene blue chloride. 

2. Application of tliis titration is made to the indirect determination of 
calcium. Tlie method of Bolligcr has been investigated critically. Under 
the proper conditions it yields good results. 

3. Methylene blue diminishes considerably the overvoltage of the 
hydrogen discharge at the dropping mercury electrode. 

4. Picrolonic acid is considerably adsorbed from aqueous solutions by 
filter paper. 
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LETTERS TO THE EDITORS 


THE EFFECT OF SULFANILAMIDE ON THE COmTERSION IN 
■^TTRO OF INORGANIC IODINE TO THYROXINE AND 
DIIODOTYROSINE BY THYROID SLICES 


Sirs: 

The in vitro conversion of iodide to diiodotyrosine and thjToxine by 
surviving slices of thyroid gland excised from sheep, dog, and rat has been 
demonstrated in this laborator}’’* ■with the aid of radioactive iodine, I“*. 
Recent reports have shown that the administration of certain sulfonamides 
produces enlargement and hyperemia of the thjToid gland in the rat.^ 
It has been suggested that these compounds act on the synthesis of thyrox- 
me. The in vitro reaction described above has been emploj^ed to in- 
vestigate the effects of sulfanilamide on the formation of th3Toxine and 
diiodotyrosine. 


No. 

SolfanHamide 

ooncentratlon 

Per cent Ringer’s I’" recovered as 


Duodotjrrosiue 

Th>*TOiine 

1 

u 

0 

34.5 

10.4 

2 

0 

42.2 

9.8 

3 

10-* 


1.4 

4 

10-* 


1.5 

S 

10-’ 


2.4 

6 

10-’ 


2.4 

7 

10-* 


7.8 

8 

10-* 


6.5 


Tissue slices •were prepared from cow thyroids. An amount of sulfanila- 
^de necessary to give the desired final concentration was dissolved in an 
isotonic sodimn chloride solution and 0.1 cc. of this solution added to 3 
^ ^iii^rbonate-Ringer’s solution containing a tracer amount of radio- 
iodine. 300 mg. of the slices were then added to the flask and the 
^ osphere above the solution displaced ■with a 5 per cent COi-95 per 
®®iit Oj mixture; the flasks were then maintained at 38° for 2 hours. The 
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newly I'oinu'd iodo compounds (radioacliv'c tliyroxino-Iikc and radioactive 
diiodotyrosinc-lilcc fractions) wore tlicn separated and measured after 
t)ic inaniuT previously described.' 

The results recorded in the accoinpanyiiif; table .show that .sidfanilamidc 
has an inhibitory effect on the conversion of inorganic iodine to both 
diiodotyrosine and thyro.vim!. 'J’hc degree of inhibition was found to be 
related to the concentTation of .sulfanilamide. Xo experiments have ns 
yet been carried out to determine whether .sulfonamides .alone bring about 
this inhibition, or whether it may be induced by other, non-specific, 
toxic agents. 

Dirision of Plnjswlogn A. L. Fi’..\nki>in 

Univcrsiln of California Medical School I. L. Cii.UKOrr 

Bcrkclcn 
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TREATMENT OF LEUCOPENIA AND GRANULOPENIA IN RATS 
RECEIVING SULFAGUANIDINE IN PURIFIED DIETS 

Sirs; 

The leucopenia and agranulocj'tosis which develop in rats receiving 
sulfaguanidine in purified diets can be prevented or cured mth whole liver 
or certain liver extracts.* Synthetic xanthopterin has also been reported 
as curative for this leucopenia.' 

In the present experiment weanling, albino rats from the Sprague- 
Dawley colonj' were given a basal ration of the following composition: 
sucrose 75, Labco casein 18, salts 4, com oil 2, and sulfaguanidine 1. 10 
mg. of 2-methyl-l ,4-naphthoquinone were added to 1 kilo of the basal 


TheriDV • 

None 

"MU- 

min" 

miz- 

turef 

Biotin^ 
<1 y) 

Biotin 

(Sy) 

-f- xan- 
thop- 
teriol 
(20 y) 


Biotin 
(1 y). 
+ norit 
eiuxte!; 
(folic 
acid) 

Norit 

eluate^ 

(folic 

acid) 

Whole 

Ii%’er 

sub- 

stance 

(O.S 

gm.) 

Con- 

trol* 

No. of rats 

58 

15 

5 

5 

6 

6 




Leucocytes** . 

5150 

3700 

2320 

2210 

3040 





Granulocytes** 

245 

125 

10 

38 

255 

BBS] 





Ml substances were administered subcutaneously except the whole liver, which 
®'*PP^®ment dishes. The values in parentheses indicate the daily dosage, 
y dosages of 1 rag. each of nicotinic acid, adenine, and synthetic batyl 

° °!’ ^ °f glutamine, pimelic acid, uracil, guanine, xanthine, and 3 'east 

a enyhc acid, 3 mg. of muscle adenosine triphosphate, and 5 mg. each of inositol and 
yeast nucleic acid. 

t Biotin was supplied as the S. M. A. concentrate No. 1000. 

5 Xanthopterin was synthesized according to the method of Purrmann (Purrmann, 
It., Ann. Chem., 648, 98 (1940)). 

II Prepared according to the directions of Hutchings et al. (Hutchings, B. L., 
Bohonos, N., and Peterson, W. H., J. Biol. Chem., 141, 521 (1941)). 10 mg. of this 
con^^trate equivalent to 7100 units were administered daily. 

J ombined average of the following dietary groups: Basal minus sulfaguanidine, 
ame p us 10 per cent whole liver, basal plus 10 per cent whole liver, and Purina chow, 
a^ues or the different groups did not vary signiBcantly. 

verage values expressed as the number of cells per c.mm. of blood. 


ration. The B vitamins were fed daily in supplement dishes at the follow- 
evels: thiamine 30 y, pyridoxine 30 y, riboflavin 30 y, calcium panto- 

II P- S., Sebrell, W. H., and Ashbum, L. L., Puh. Health Rep., 

■5-. EL 1559 (1942). 

rotter, J. R., and Day, P. L., J. Biol. Chem., 147, 257 (1943). 
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theimtc 100 y, and choline chloride 10 iiir. 2 drops of Imliver oil containing 
1.3 mg. of df-«-(ocopherol acetate were given wcekij' to each rat. All 
ra{.s were maintained on the ha-sal ration and .mdijected to biweekly blood 
sliidic-s during a 0 week period. Te.st .substance.'^ wore then administered 
dailj" for 7 days. The re.stdis are given in the accomiianying table. 

In many case.s, increase.^ in the nnmlier of circulating leucocytes were 
obseiTcd within *18 hours after the administration of either the norit 
oluato or whole liver. Norit oluafe and liver therapies have been con- 
tinued for 23 days with no further change in the while blood cell picture, 
e.xcept that the number of granuloc.vtes tended to apjiroach the normal 
value. With the continued administration of /i-aminobcnzoic acid there 
was a moderate butvariablo incrciusc in the numberof circulating leucocytes. 

Anemia was obscn'cd in a large projiortion of the rats receiving only the 
basal ration. Administration of either the norit eluate or whole liver 
resulted in a definite hemoglobin response. 

Available evidence strongly favors the view that sulfaguanidinc func- 
tions through its ability to inhibit the .synthesis of e.ssential factors by the 
intestinal bacteria. If such is the case, it is aiiparcnt that the norit eluate 
fraction contains one or more factors c-s.scntial for the normal functioning 
of hematopoietic tissue in the rat. 

We arc indebted to Merck and Comiinny, Inc., for the B vitamins, to 
the Ledcrle Laboratories, Inc., for sulfaguanidinc, to The Wilson Labora- 
tories for solubilized liver, and to Dr. Harry N. Holmes of Oberlin College 
for the synthetic batjd alcohol. 

Instilutc of Pathology A. E. Axelrod 

The Western Pennsylvania Hospital Paul Gross 

Pittsburgh M. D. Dosse 

K. F. Swingle 
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MPRO^TEMENTS IN THE CUP ASSAY FOR PENICILLIN 
Sirs: 

Continued use of the cup assay for penicillin as described the Oxford 
investigators^ has revealed from time to time deficiencies which detract 
from its over-all advantages.* Despite attempts to stabilize the test 
bacterium Staphylococcus aureus H, marked biological variations in its 
behavior and a spontaneous tendency toward lysis during penicillin in- 
hibition have lessened its suitability for the assay. Frequently the zone 
edges are fuzzy (lysis?) and difficult to measure with the desired accuracy. 

The following procedure has given excellent results consistently. A 
sensitive strain of Bacillus sublilis is used as the test organism and for 
inoculum is cultivated submerged in 100 ml. of nutrient broth on a shaking 
machine until maximum sporulation takes place (7 to 14 days). The 
culture is then pasteurized to destroy the vegetative cells and titrated 
under the conditions of the assay to determine the optimum amount of 
inoculum (usually 0.1 to 0.4 ml. per 200 ml. of agar). That amount is 
used thereafter as long as that culture lasts. The spore cultures are stored 
in the refrigerator and may be used indefinitely; practically complete 
stendardization of the inoculum is thereby achieved and its daily prepara- 
tion eliminated. The melted agar is seeded before it is apportioned into 
plates. With spores it is not necessary to cool the melted agar to 42° be- 
fore seeding. This eliminates a troublesome operation and also difficulties 
in the preparation of uniform plates due to premature hardening of the 
agar. The remaining steps are as described previously • * except that 
mcubation is at 30°, which, incidentally, reduces temperature instability 
of penicillin. The lag in growth due to spore germination permits better 
diffusion of the penicillin before growth limits the zone. Larger zones 
reduce the percentage deviation due to errors in measuring their diameters. 
The zone edges with Bacillus sublilis invariably are knife-sharp, and the 
growth stands in clear contrast to the zone of inhibition. 

Research Laboratory Jackson W. Foster 

ilerch and Company, Inc. H. Boyd Woodbdff 

Rahway, New Jersey 

Received for publica tion, May 18, 1943 

‘ Abraham, E. P., Chain, E., Fletcher, C. M., Gardner, A. D., Heatley, N. G., 
Je^ngs, M. A., and Florey, H. W., Lancet, 241, 177 (1941). 
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Antimony trichloride: Sterols, determin- 
ation, use, Zimmerli, Nield, and 

Russell, . r 

ritamins D, and D„ determination, 
use, Zimmerli, Hicld, and Russel . 

245 

Aphid (s): Glycogen, isolation and prop- 
erties, Losing and Pierce, 35 

Aphis brasslcae: See Aphid 
Apparatus: Micrometer burette, Scho- 
lander, Edvards, and Irving, 49o 
Ascorbic acid: Citric acid and, met^- 
olism, Purinlon and Schucl:, 237 
Perspiration, Tennent and Silber, 359 
Asparagine: -Glutamate, Bacterium dys- 
enteriae and microorganisms, growth 

factor, Bocamick, 

Atabrlne: Blood, determination, Mos^ 

529 

Urine, determination, ilasen, 529 


Eckert j 


det^nnination, Kirch and Bergeim 
44i. 

— » naicrobiolo^cal, Thompson, 
Isbell, and Mitchell, 281 


Bacteria: Anti-, glucose aerodebydr^n- 
ase from PenicilUum notatum, Bir^ 
inshav and Raistrick, ^ 

Autotrophic, adenosine-S-tnphosphate, 

LePage and Umbreit, _ 

Sucrose phosphorolysis and synthes^ 
Doudoroff, Kaplan, and Hassid, 67 
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INDEX 


Bacterium coll: Serine delerniination, 
r61c, Chargaff am! Sprin.ion, 219 

Bacterium dysentcrlac: GroKth,na|»am- 
gi no -glutamate elTcct, Ilovarntck, 

151 

Benzole acid: p-Amino-. blood, deter- 
mination, Kckcrl, 107 

— , conjugated, blood, determination, 
Eckxrl, 197 

— , determination, Kirch and Jiergeim, 

•115 

— , — , microbiological, I'ho/npson, 

Isbell, and Mitchell, 2S1 

— , phenylaminobutyric acid acetyla- 
tion in vivo, relation, Fishman and 
Cohn, CIO 

p-Nitro-, blood, dotennination, Kckcrl, 

197 

Blood: Acctaldebydc, determination, 
colorimetric. Stole, 5S5 

p-Aminobenzoic acid, conjugated, de- 
termination, Eckert, 197 

, determination, Eckert, 197 

Amylase, glycogen hydrolysis, Morris, 

271 

— , starch hydrolysis, Morris, 271 
Atabrine, determination, Masen, 529 
Carbon dioxide, determination, gaso- 
mctric, micro, Scholandcr and Hough- 
ton, 573 

— monoxide, determination, gaso- 
mctric, micro, Scholandcr and Rough- 
ton, 551 

Carp and trout. Field, Elvehjem, and 
Jndaxj, 2G1 

Dihydroxyacetonc, determination, 

• Turner, Kress, and Harrison, 5S1 
Gases, determination, gasomctric, mi- 
cro, Roughton and Scholandcr, 541 
Scholandcr and Houghton, 551 

Edwards, Scholandcr, and Rough- 
ton, 565 

Scholandcr and Roughton, 573 

Iodine fractionation, Bruger and Mem- 
ber, 77 

p-Nitrobcnzoic acid, determination, 
Eckert, 197 

Nitrogen, determination, gasometric, 
micro, Edwards, Scholandcr, and 
Roughton, 565 


Blood— Continued: 

Oxygen, determination, ga.cometric, 
micro, Houghton and Scholandcr, 5-11 
Sodium pcntothal determination, Hell- 
man, Shrttlcs, and Stran, 293 

Tryptophane deficiency, effect, Alba- 
nrsr, Holt, Kajdi, and Frankston, 

299 

Blood serum: Proteins, fractionation, 
electrophoretic and sodium sulfate 
methods, Taylor and Keys, 379 
Bone: Sodium adsorption, nidiaactivc 
isotope in study, Hodge, Koss, Ginn, 
Fnlkenhcitn, Gavett, Fowler, Thomas, 
Bonner, and Dessaucr, 321 

— , insoluble, nature, Hodge, Koss, 
Ginn, Falkcnheim, Gavett, Fowler, 
7'homas, Bonner, and Dessaucr, 321 
Burette: Micrometer, Scholandcr, Ed- 
wards, and Irving, 495 

Butyric acid: Phcnylamino-, acetylation 
in vivo, p-nminobcnzoic acid and 
sulfanil.amide relation, Fishman and 
Cohn, 619 

C 

Calcium: -Cephalin equilibrium. Drink- 
er and Zinsser, 1S7 

Determination, picrolonic acid use, 
Cohn and Kolthoff, 711 

Carbohydrate (s): Metabolism, malaria 
jrarasites, ircnrfcf, 21 

Afusclc, metabolism in vitro, Stadic and 
Zapp, 669 

Carbon: Isotope, glycine metabolism 
stud}’ with, Olsen, Hemingway, and 
Kicr, 611 

Carbon dioxide: Blood, determination, 
gasometric, micro, Scholandcr and 
Hotighton, 573 

Carbon monoxide: Blood, determina- 
tion, gasometric, micro, Scholandcr 
and Roughton, 551 

Carboxylic acld(s): 2-Methyl-substi- 
tuted, monolayers, Stallbcrg-Stcnha- 
gen and Stenhagen, 6S5 

lO-Methyl-substituted, monolayers, 
StSllbcrg-Stcnhagcn and Stenhagen, 

685 

Carp: Blood constituents. Field, Elvch- 
jem, and Juday, 261 
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Cephalln: Calcium-, equilibrium, Drint- 
er and Zinsser, 1S7 

Chick: Nicotinic acid deficiency, Bnggs, 
Luckey, Teply, Elvehjem, and Hart, 

517 

Vitamins, water-soluble, essential, 
Briggs, Lackey, Elvehjem, and Hart, 

163 

Chlorofucine : Diatoms and dinoflag- 
elates. Strain, Manning, and Hard- 
in, 655 

Chlorophyll: c. See Chlorofucine 
Choline: Acetyl-, adenosinetriphospha- 
tase system, activation, DuBois and 
Potter, 451 

Lipotropic effect, Garin, Pallcrson, 
and McHenry, 275 

Liver fat, effect. Handler and Bern- 
heim, 649 

Citric acid: Ascorbic acid and, metab- 
olism, Purinton and Schuck, 237 
Collagen: Heat-denatured, acid- and 
Ijase-binding capacity, Theis and 
Jacoby, 105 

.Salt-denatured, acid-, base-, and salt- 
binding capacity, Theis and Jacoby 

603 

Com: fjlycogcn, injection effect, Morris, 

699 

Cortln: -Like material, urine, life-main- 
taining and gluconeogenic properties, 
Venninp, Hoffman, and Browne, 455 
Creatine: Formation, chick, Almquist, 
Kratzer, and Mecchi, 17 

Cytochrome oxidase: Haas, 481 


Dehydrogenase: Aero-, glucose, antibac- 
terial, Penicilliam notatum, Birh- 
inshaw and Raistrick, 459 

D ehydrolsoandrosterone : Androsterone 
and, chromogenic effect, Saier, 
Graver, and Starkey, 213 

Dental plaque: Acid production of glu- 
cose, rcLation, Jfuntr, 225 

Dentin: Sodium adsorption, radioactive 
isotope in study, Hodge, Koss, Ginn, 
F alkenheim, Garelt, Fowler, Thomas, 
Bonner, and Dessauer, 321 


DiBtom(s): Chlorofucine, Strain, Man- 
ning, and Hardin, 655 

Diet: Tissue phospholipids, relation, Ar- 
tom and Fishman, 405, 415, 423 
Dlhydroxyacetone : Blood, determina- 
tion, Turner, Kress, and Harrison, 

581 

Dllodotyroslne: Iodine, inorganic, con- 
version in vitro, thyroid, sulfanil- 
amide effect, Franklin and Chaikoff, 

719 

Dlnoflagellate(E): Chlorofucine, Strain, 
Manning, and Hardin, 655 


Enamel: Sodium adsorption, radioactive 
isotope in study, Hodge, Koss, Ginn, 
Falkenheim, Gavett, Fowler, Thomas, 
Bonner, and Dessauer, 321 

Enzyme (s): Hexose phosphorylation, 
adenyl pyrophosphate role, Colowick 
and Kalckar, 117 

See also Adenosinetriphosphatase, 
Aerodehydrogenase, Amylase, Hex- 
osediphosphatase, Myokinase, Oxi- 
dase, Phosphorylase 


Fat(s): Liver, bromo-substituted fatty 
acids, effect, Artom and Swanson, 

633 

— , choline effect, Handler and Bern- 
heim, 649 

Fatty acld(s): Body, replacement rate, 
Stetten and Grail, 509 

Bromo-substituted, liver fat, effect, 
Artom and Swanson, 633 

Liver, replacement rate, Stetten and 
Grail, 509 

Ferric compound(s): Colloidal, mag- 
netic properties, Michaclis, Coryell, 
and Granick, 463 

Ferritin: Jfjcfiaclis, Coryell, and Gran- 
iek, 463 

Magnetic properties, Miehaelis, Cory- 
ell, and Granick, 463 

Flavonefs); Determination, IVeollirTby 
and Cheng, 707 
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Food: Pyridoxinc dotcnnirwlion, Iltnrt, 
Thovtas, and lirmcn, 1 1 1 

G 

GnB(eB): Blood, dotomiinotion, Rrijio- 
metric, micro, llouphtnn and Seho- 
lander, M i 

Seholander and Jlnughton, .Wl 

Edwardf, Seholander, and Houghton, 

505 

Seholander and Houghton, 573 

Gcrminc: Chcmicnl constitution, Craig 
and Jaeohs, 57 

Dcgmdntion, Craig and Jacohn, 57 
Glucose: Acids from, dentil i)l.iqtic 
rcklion, Munt:, 225 

AcrodchydroKcnnsc, sntiKictcri.il, 
Pcnicillium notatum, liirkinfhatc 
and Raistrick, 459 

Mutirotntion, pressure cITcct, fiander, 

311 

Glucuronldc: Steroid, urine, Strickler, 
Shaffer, Wilson, and Strickler, 251 
Glutamate: Asparagine-, liaetcrium ilgs- 
cntcriac nnd microorganisms, growth 
factor, Dovarnick, 161 

Glycine; Metabolism, Olsen, Heming- 
way, and Nicr, Oil 

— , carbon isotope in study, Olsen, 
Hemingway, and Nicr, 611 

Glycogen; Aphis brassicae, isolatinn and 
properties, Ixtring and Pierce, 35 
Corn, injection effect, ^forris, 099 
Hydrolysis, blood amylase, Morris, 

271 

Macrosiphum pisi, isolation nnd prop- 
erties, Loring and Pierce, 35 

Glycolysis: Spermatozoa, Lardy and 
Phillips, 343 

Gonadotropin: Chorionic, preparation, 
Katsman, Godfrid, Cain, and Daisy, 

501 

Granulopenia: Sulfngunnidine effect, Ax- 
elrod, Gross, Bossc, and Swingle, 

721 

Growth: Bacterium dyscntcriae and mi- 
croorganisms, asparagine-glutamate 
effect, Bovamick, 161 


n 

Hemoglobin: Abrorjilion spectrum, Ho- 
reckrr, 173 

Derivatives, absorption spcctnim, Ho- 
recker, 173 

fxdutions, turbid, determination, Cohn, 

219 

Tissue extracts, determination, Cohn, 

219 

Hemorrhage: Shock, tissue melalwlism, 
rnect, Beecher and Craig, 383 

Heparin: Barium ailt, active, prepara- 
tion nnd fractionation, Kuistnga and 
Spaulding, C-11 

Hexosefc): I’hoaphorylation, cntjTnc, 
ndenyl pyrophosjdiate r61e, Colotciek 
and Kalekar, 117 

Hexosedlphosphatase: Gomori, 139 
Hydrocarbon (s) ; Branched chain, mono- 
layers, StsUherg-Stenhagen and Sten- 
hagen, 685 

Phthioccrol, x-ray studv, Stenhagen, 

095 

Hydroxyapatite; .Sodium adsorption, 
radioactive isotope in study, Hodge, 
Koss, Ginn, Falkenheim, Garetl, 
Fowler, Thomas, Bonner, and Des- 
saiier, 321 

I 

Inositol; Lijwtropic effect, Garin, Patter- 
son, and McHenry, 275 

Insulin: Pyruvic acid formation, effect, 
pancreatectomy nnd, Bueding, Faze- 
kas, Hcrrlich, and Himwich, 97 
Iodide (s); Urine, determination. Pearl, 

85 

Iodine: Blood, fractionation, Bruger and 
Member, 77 

Isorubljervlne: Jacobs and Craig, 41 

J 

Jervlne: Chemical constitution, Jacobs 
and Craig, 51 

Isorubi-, Jacobs and Craig, 41 

Rubi-, J^acobs and Crarp, 41 
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L 

lactic acid: Muscle, metabolism in vitro, 
Stadie and Zapp, 669 

Lactogenic hormone : Pituitarj', Li, 2S9 
— , sulfur amino acid, Li, 289 

Lencopenla: Sulfaguanidine effect, Axel- 
rod, Gross, Basse, and Svnngle, 721 
light: Amino groups, determination. 
Van Slyke, effect, Fraenkel-Conral, 

453 

Pyridoxine, effect, Hochberg, Melnick, 
Siegel, and Oser, 253 

llpid(s): Liver, Arlom and Fishman, 

405 

Muscle, Arlom and Fishman, 405 

Phospho-. See Phospholipids 
llpocalc: Lipotropic effect, Gavin, Pat- 
terson, and McHenry, 275 

liver: Fat, bromo-substituted fatty 
acids, effect, Arlom and Sivanson, 

633 

— , choline effect. Handler and Bem- 
heim, 649 

Fatty acids, replacement rate, Sletlen 
and Grail, 509 

Lipids, Arlom and Fishman, 405 

M 

Macrosiphum pisi: See Aphid 
Magnesium phosphate: Secondarj’, ioni- 
zation constant, Tabor and Hastings, 

627 

Malaria: See also Plasmodium knomlesi 
Metabolism: Tissue, hemorrhage shock, 
effect, Beecher and Craig, 3S3 

Micrometer burette: Scholander, Ed- 
wards, and Irving, 495 

Microorganism (s): Growth, asparagine- 
glutamate effect, Bovarniek, 151 
Monolayer(s): Hydrocarbons, branched 
chain, StaUbcrg-Sicnhagcn and Slen- 
hagen, 6S5 

Muscle: Carbohydrate metabolism in 
vitro, Stadie and Zapp, 669 

lactic acid mctalxrlism in vitro, ,Sladic 
and Zapp, 669 

Lipids, Arlom and Fishman, 405 


Muscle — Continued: 

Phosphorylase, crystalline, polysac- 
charide synthesis, relation, Hassid, 
Cori, and McCready, 89 

Myoklnase: Adenine nucleotides, action, 
Kalckar, 127 

Transphosphorylations, role, Colowick 
and Kalckar, 117 

Kalckar, 127 

N 

Nicotinic acid: Deficiencj', chick, 
Briggs, Luckey, Teply, Elvehjem, 
and Hart, 517 

Nltrohenzoic acid: p-, blood, determina- 
tion, Eckert, 197 

Nitrogen: Blood, determination, gaso- 
metric, micro, Edwards, Scholander, 
and Roughton, 565 

Fixation, detection, isotopic nitrogen 
in study, Burris, Eppling, Wahlin, 
and Wilson, 349 

Notatln: Birkinshaw and Raisirick, 459 
See also Penicillin 

Nucleotide (s): Adenine, myokinase ac- 
tion, Kalckar, 127 

Nutrition: Amino acids. Rose, Haines, 
Johnson, and Warner, 457 

O 

Oxidase: f-Amino acid, tissue. Green, 
Xocilo, and Rainer, 461 

Cytochrome, Haas, 481 

Oxygen: Blood, determination, gasomet- 
ric, micro, Roughton and Scholander, 


Pancreatectomy: Pyruvic acid forma- 
tion, insulin and, effect, Bueding, 
Fasekas, Herrlich, and Himwich, 

97 

Pantothenic acid: Perspiration, Ten- 
nent and Silber, 359 

Penicillin: B, preparation, puriffcation, 
and mode of action, Van Bruggen, 
Reithel,Cain, Katsman, Daisy, Muir, 
Roberts, Gaby, Homan, and Jones, 

365 
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Penicillin— Conliriiirfl: 

Detemunntion, Foster and IVondruJ/, 

723 

Sec also Noinlin 

Pcntcflllum notntum: Antilwrlcrinl phi- 
cosc (icrodchydroRfinnsi' from, Fir- 
kinshaw and Ilaistrick, -tri;) 

Persplrntlon: Asrorliic nrid, tlimniinc, 
nI>oll.'ivin, nnd pantollii'nir ncid, 
7’enncnl and Silher, 

Phcnylnmlnobutyrlc ncld: Arotylntion, 
in I’ifo, 7 )-.'iminnb(;nroi(; ncid nnd nid- 
■ffinilnmidc rcintioii, Fishman and 
Cohn, CIO 

Phosphatase: Adenosinelri-, syntcni, 
ftcctylcholine, nctivntioTi, Duliois 
and Potter, -151 

Ilexoscdi-, Gomori, 130 

Phospholipid (s): Tissue, diet relation, 
Arlom and Fishman, -105, ‘115, -123 
Phosphorylnso : Muscle, crystalline, 
polysacclinride synthesis relation, 
Hassid, Cori, and McCrcadtj, SO 
Phthlocerol; Hydrocarlxm, x-my study, 
Sienhagen, G05 

Picrolonic ncld: Calcium determination, 
use in, Cohn and KoUhoff, 711 

Titration, nmpcromelric, Cohn and 
Kolthoff, 711 

Pituitary: JjaclOBcnic hormone, hi, 2S9 

, sulfur amino ncid, Li, 2S9 

Plasmodium Icnowlesl: Cnriwhydmtc 
metabolism, Wcndcl, 21 

Respiratory metabolism, ircndcl, 21 
Pneumococcus: Antigen, heterophile, 
Gochcl, Shedlovskij, Lavin, and 
Adams, 1 

Polysaccharide : Synthesis, muscle phos- 
pliorylnse, Hassid, Cori, and 
McCrcadij, 80 

Protein (s): Blood serum, fmctionntion, 
electrophoretic nnd sodium sulfate 
methods, Taylor and Keys, 379 
Soluble, isoelectric point, determina- 
tion, Jaffh, 185 

Tissue, amino acids. Beach, Munks, 
and Robinson, 431 

Urine, trichloroacetic acid-soluble, 
Beckman, Hiller, Shedlovsky, and 
Archibald, 247 


Pyridoxinc; Foods, determination, 
Bina, 7'homns, and Brown, 111 
Inghl ('ffect, Hochherg, Hrlnick, Siegel, 
and Osrr, 253 

Pyruvic ncld: Aceto-, metalwlism, Lchn- 
inger, 393 

r'orination, insulin nnd pancreatectomy, 
effect, Bueding, Fasekas, Herrlich, 
and Himwich, 97 

Q 

Quercetin : -Like substances, <letcrmina- 
tion, Wentherby and Cheng, 707 

R 

Respirntory metabolism: Malaria para- 
sites, M'endel, 21 

Riboflavin: iVrspimtion, Tennent and 
Silber, 359 

Rubljervlnc: Jacobs and Craig, 41 

S 

Serine: Deamination, Bacterium eoli 
ride, Chargaff and Sprinson, 249 
Shock: Ilomorrhagc, tissue metaljolism, 
L'flcct, Bceeher and Craig, 3S3 

Sodium: Bone, adsorption, radioactive 
isotope in study, Hodge, Koss, Ginn, 
Falkcnhcim, Gaeett, Fowler, Thomas, 
Bonner, and Dessauer, 321 

Dentin, adsorption, nidiixactive isotope 
in study, Hodge, Koss, Ginn, Falken- 
heitn, Gavett, Fowler, Thomas, 
Bonner, and Dessauer, 321 

Enamel, adsorption, radioactive iso- 
tope in study, Hodge, Koss, Ginn, 
Falkcnhcim, Gavett, Fowler, Thomas, 
Bonner, and Dessauer, 321 

Hydroxyapatite, adsorption, radioac- 
tive isotope in study, Hodge, Koss, 
Ginn, Falkcnhcim, Gavett, Fonder, 
7'homas, Bonner, and Dessauer, 

321 

Insoluble, bone, nature, Hodge, Koss, 
Ginn, Falkcnhcim, Gavett, Fowler, 
Thomas, Bonner, and Dessauer, 321 
Sodium dehydrolsoandrosterone sul- 
fate: Urine, determination, Talbot, 
Ryan, and Wolfe, 593 

IVater, determination, Talbot, Ryan 
and Wolfe, 593 
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Sodium pentothal: Blood, dctennina- 
tion, HcUman, Sheitles, and Slran, 

293 

Spermatozoa: Glycolysis, Lardi/ and 
Phillips, 343 

Metabolism, Lardy and Phillips, 333 
Starch, Hydrolj'sis, blood amylase, il/or- 
m, ' 271 - 

Sterol(s): Determination, antimony tri- 
chloride reagent, Zimmerli, Nield, 
and Russell, 245 

Sucrose: Inversion, pressure effect, 
Sander, 311 

Phosphorolysis, bacterial, Doudoroff, 
Kaplan, and Hassid, 67 

Synthesis, bacterial, Doudoroff, 
Kaplan, and Hassid, 67 

SuUaguanldlne : Granulopenia, effect, 
Axelrod, Gross, Bosse, and Swingle, 

721 

heucopenia, effect, Axelrod, Gross, 
Bosse, and Swingle, 721 

Sulfanilamide: Phenylaminobutyric 

acid acetylation in vivo, relation, 
Fishman and Cohn, 619 

Thyroxine and diiodotyrosine conver- 
sion from iodine, inorganic, in vitro, 
thyroid, effect, Franklin and Chai- 
koff, 719 

Sulfur: Amino acid, pituitary lactogenic 
hormone, Li, 289 

Sweat: See Perspiration 

T 

Thiamine: Perspiration, Tennenl and 
Silber, 359 

Thyroid: Thyrordne and diiodotyrosine 
conversion from iodine, inorganic, in 
vitro, sulfanilamide effect, Franklin 
and Chaikoff, 719 

Thyroxine: Iodine, inorganic, conversion 
in vitro, thyroid, sulfanilamide ef- 
fect, Franklin and Chaikoff, 719 
Tissue (s): Metabolism, hemorrhage 
shock, effect, Beecher and Craig, 


Transphosphorylation: MyoWnase role, 
Colowick and Kalckar, 117 

Kalckar, 127 

Trout: Blood constituents. Field, El- 
vehjem, and Juday, 261 

Tryptophane: Deficiency, blood, effect, 
Albancse, Holt, Kajdi, and Franks- 
ion, 299 

Determination, colorimetric, micro, 
Eckert, 205 

Tyrosine: Diiodo-, iodine, inorganic, 
coni'ersion in vitro, thyroid, sulfanil- 
amide effect, Franklin and Chaikoff, 

719 
U 

Urine: Atabrine, determination, Masen, 

529 


Cortin-like material, Venning, 
Hoffman, and Browne, 455 

Glucuronide, steroid, Strickler, Shaffer, 
Wilson, and Strickler, 251 

Iodides, determination. Pearl, 85 
Protein, trichloroacetic acid-soluble, 
Beckman, Hiller, Shedlovsky, and 
Archibald, 247 

Sodium dehydroisoandrosteronc sul- 
fate, determination, Talbot, Ryan, 
and Wolfe, 593 


V 


Verabine: Alkaloids, Jacobs and Craig, 

41,51 

Craig and Jacobs, 57 

Vltaniin(s): A, storage, body. Little, 
Thomas, and Sherman, 441 

Bi. See also Pyridoxine 
C. Sec also Ascorbie acid 
D-, determination, antimony trichlo- 
ride reagent, Zimmerli, Nield, and 
Russell, 245 

Dj, determination, antimony trichlo- 
ride reagent, Zimmerli, Nield, and 
Russell, 245 

Water-soluble, essential, chick, Briggs, 
Luckey, Elvehjem, and Hart, 163 


3S3 

Phospholipids, diet relation, Artom and 
Fishman, 405, 415, 423 

Tooth: See also Dental plaque 


W 

Water: Sodium dehydroisoandrosteronc 
sulfate, determination, Talbot, Ryan, 
and Wolfe, 593 



